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SITE-SPECIFIC IffiCC»ffiIlIATION OF DNA IN StMPS CELLS 

S „ This application is a continaatibn-*in-^part of 
cppending application Serial No. 07/455, 221> filed 
Decesiber 22, 1989. 

FIELD QP THE TWVEMTTQW 

This invention relates to a method for producing 
.10 ...site-specific recdnbination of DMA in plant cellis and to 
the novel recombinant DNA constructs used to introduce 
and express the ^^qx and con^nents of the 
recombination system^ as mil as to transgenic loi^ and 
iire: contaihing plants and their seeds. 
15. BArKCRonm op the tuvtotthm 

A variety of materials, systems and organisms have 
been the subject of genetic engineerdLng to. introduce 
systems to manipulate DNA. 

Abremski et al., c^ll. 2Zz 1301-1311 (1983) disclose 

20 a site-specific recombination system of bacteriophage 

♦ ■ * ' ■ 

PI. The system consists of a recombination site 
designated Iqxp and a recombinase designated Cre* 
Recombination between lojsL sites on supercolled, nicked- 
circle or linear DNA occurs in the presence of. Cre. 

25 Sauer, Molegular and r^llular Rlnlnyy^ 2: 2087-2096 

(1987) discloses that the Ji22£-£Cfi recombination system 

functions in l^he yeast: Sarrharnmyr?***; cerevisiaf> - This 

system was used to excise a gene located between two lox 
sites which had. been introduced into the yeast genome. 
30 Cre was expressed from an inducible yeast (SALl promoter 
and this cre gene was located, on an autonomously 

replicating yeast vector. 

Sauer and Henderson, Prec. Mati. Rrarf. finA . nfiA ^ £5.: 
5166-5170 (1988) disclose that the loxP-cre 
35 recombination system functions In a transient manner in 



mouse cells in tissue culture. Cre Jias expressed from 
an inducible nouse netallotMonein promoter, the r-n> 
aene being located on a papiUaaa virus replicon- 
cpntainlnsr vector. Excision of a gene located betwe^ 
two lait sites on a plasmid that irais transiently 
.introduced into cells, or of an insert in a gene of a 
herpesyfiras vector, was demoiistrated. 

Sauer and Henderson, Wn^i . ^^'^ " j^: 147-161 

(1989) disclose that the loxP-cra recombination system 
functions in a stably transfoj^d mou&e tissue culture 
cell line. Cre, e^^ressed f rem a rous sarcoma virus 
promoter, caused excision of a gene located between two 
iQi sites that were integrated in the mouse cell genome. 

Gatz and Quail. Pror. ti^>i fl^prf, n^j^^ ^. 

1394-1397 (1988) disclose that expression. of the 
bacterial tet repressor protein, in plant protoplasts in 
culture in a transient manner results- in regulation of a 
CaMV 35S promoter that has tet operator sequences added 
to it and is also transiently present in the 
protoplasts. 

Baker et al., Proe. Wal-l Ar.art gr-r ^, 

4844-4848 (1986) disclose that the controlling element 
called -activator- that is derived from maize can excise 
itself after being introduced into the tobacco genome. 
Lassner et al., MoI . CAn fip^f.^ ; ^ ;»i . 25-32 (1989) 

disclose that the -activator- element can be separated 
into two functional con?>onents: i) an element with a 
large internal deletion that cannot excise itself, but 
can be excised by ii) an element with a tenninaO. 
deletion that cannot excise. These two components were 

separately transformed into tpinato. plants, brought 
together by genetic crosses, and shown to result in 
excision of the first component in some cells. This 
experiment indicates that elements from one plant genome 
can lead to recombination in heterologous plant cells. 
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however the DMA sequences required for activity of the 
recoinbination site are not defined^ 

It is an object of the present Invention to 

e exog^ous 0N& once it is resident in the 
.5 plant cell to enhiuice tl» ability to control trait 
expression in. engineered plants. A feature of the 
present invention is the viersatility of the method 
disclosed herein for producing site-specific 
recoinbination of Dia in plant cells in that the method 
10 is useful toward a wide variety of applications. These 
and other, objects, features and advantages will becone 
apparent upon having reference to the description of the 
.. invention herein.. 

SDMMARY OF THB TMi7CTrPTpf| 
IS The present invention provides a method for 

producing site-specific recombination of DMA in plant 
cells. The method (1). coqirises; 

1) introducing into the cells a first DNA 

sequence comprising a first las site, and a 
second DNA sequence comprising a second lox 
site, and. 

ii) contacting the ioJC sites with Cre, thereby 
producing the site-specific recombination. 
* preferred «nbodiment, a third DNA sequence 
aw^jrising a era gene is also introduced into the cells . 
This third DNA sequence may further con?)rise a promoter 
that is active in plant cells and e3q>ression of the crs. 
gene is produced by direction of the prompter. Another 
method of the present invention is directed, to method 
(1), wherein the first and second DNA sequences are 
introduced into two different DNA molecules and the 
site-specific recombination. is a reciprocal exchange of 
DMA segments proximate to the iox sites . 
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The present ixnrentiozi also provides a metlukl of 
exdsihg exogenous genes or DNA segments in transgenic 
plants* This method comprises: 

1) introducing into the cells, a DNA sequence 
5 coisprising a first lox site, a second las site in the 

same oriehtiation as. the first lax site, and a gene or a 
DKA sequence therebetween; and 

2) contactiiig the IfiJc sites with Cre, thereby 
excising the heterologous gene or DNA sequence. The 

10 gene may be ah undesired marker or trait gene. . 

Further claimed herein are . plant celis transforziied 
with a DNA sequence* co]q)rising at least one lox sltib, or 
with a £rfi. coding region. Various plants are also 
claimed herein, .such as a plant containing cells 
15 . transformed with a pre coding region, preferably having, 
argonomic or horticultural utility. Flasmids are 
claimed, haying at least one lex site, a pre-selected 
DNA segment selected from the group consisting of a 
gene, a coding region and a DNA sequence that influences 
20 gene expression in plant cells. . Similarly, DNA 

sequences are claimed, such as the sequence conqprising 
. at least one lax site and a pre-selected DNA segment 
selected from the group consisting of a gene, a coding 
region, and a DNA sequence, that influences gene 
25 expression in plant cells. 

Typical trait genes of interest in the present 
invention include those encoding enzymes or other 
proteins to confer altered oil con^osition in seed; 
altered seed protein coiq)osition; altered carbohydrate 
30 . coiq>osltion in seed; altered carbohydrate composition in 
fruit;, altered pollen development properties; herbicide 
resistance; fungicide resistance; insecticide 
resistance; and the like. 

Typical marker genes include those conferring 
35 hygromycin resistance, kanamycln resistance, bleomycin 
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reslsnance, sulfonylurea resistance, streptomycin . 
resistance or phosphinothricin resistanpe; or 0- 

glucuronidase. 

The gene nay cause disruption of the cells 
■ 5 e^qpressing it such as ones encoding an RNase, 

restriction endonuclease, protease^ a ribozyme, or an 
antisense RNA. 

DNA segments of interest include, those that reduce 
or block esqpression of an adjacent gene su6h as a . 
10 pblyadehyiation nucleotide sequence or one with ATG 
sequencers) in. it. - 

The DNA segment may influence plant gene expression, 
including but not limited to a polyadenylatibn 
nucleotide sequence; a promoter; a regulatory nucleotide 
15 sequence; a coding region; a ribozyme; and an antisense 
RNA sequence. 

The invention will be more fully appreciated and 
understood upon having reference to the following 
20 Figures. 

Figure 1 shows maps of plasmids used in matings with 
Agrobart erinTn for plant transformations. Restriction 

sites used in making the constructions are marked as B : 
BamHI, C: Clal, £: EcoRI, H: Eindlll, P: FstI, S: Sail, 
25 X: Thai. 

(A) of this figure represents the Cre/Hpt-A plasmid. 

(B) of this figure represents the Cre/Hpt-B plasmid. 

(C) of this figure represents the JLfi^cE/Nptll/Hra 

plasmid. 

.30 Figure 2 illustrates site-specific recombination in 

loxP plants re-transfonaed with A grohart:erimn 
tumefaciens harboring the Cre/Hpt-B vector. 

(A) is results from a callus induction assay. 

(B) is a map of the lox region of the loxP / Npt it /Hra 

35 vector. 
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(C) showjS .Sottthexn bXot analysis of reH 
plants. 

Figure 3 shows Jcananvcln riesistance In invP x Cre 
hybrids from homozygous parents . 
5 Figure 4 shows a nap of plasmid pZ4LoxaG that was 

introduced into Agrobantfrlnm »»m^far.<on., and. then into, 
plants. 

Figure 5 shows a map of plasmid pBSCrel03 that was 
introduced into .Agrobaffrrrlnm i-iiiHAfa^<one and then into 
Id plants. 

In the method of the invention using three DH& 
sequences, tbe first and second DN21 sequences may be 
introduced into the cells connected by a pre-seledted 
15 DNA segment. In such a case, the first and second lox 
sites may have the same orientation and the site- 
specific recombination of DNA is a deletion of the pre- 
selected DNA segment. The eta coding region .may be 
derived from bacteriophage PI, and the first and second 
lQ2t sites may be loXL or derivatives thereof, !Ebe pre- 
selected DNA segment is selected from the group 
consisting of a gene, a coding region, and a DNA 
sequence that influences gene expression in plant cells. 
Alternatively the segment may be an undesired marker or 
trait gene. The first and second lax. sites may be 
selected to havie opposite orientations and the site- 
specific recombination may be an inversion of the 
nucleotide sequence of the pre-selected DNA segment, m 
such case, the same selection of era coding region, Iqx 
sites, and pre-selected DNA segment as referenced 
earlier are preferred. Similarly, in the aforementioned 
procedure wherein DNA sequences are introduced into two 
different DNA molecules, selections of xaca coding region 
and ifljt sites as referenced earlier are also preferred. 
35 Plant cells of the invention may contain Cre protein or 
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be transfoxxned with a DNA isequence comprising at least 
one Iqx site. In the latter case, in ^uch plants the 
DNA sequence laay comprise two lox sites and a cr<a coding 
region, and preferably exhibit agronomic or 
5 horticultural utility. Plasmids, according to the/ 
invention, may have at least one lox site and a OKA 

sequence that influences gene expression in plant cells. 
For this type of plasmid, the DNA sequence may be a 
polyadenylation nucleotide sequence derived from the 
10 ribulose bisphosphate carboxylase (Rubisco) small- 
subunit gene. Alternatively, the DNA sequence is a 
promoter, or a regulatory nucleotide sequence. In the 
plasmid the DNA sequence may be a. selection marker. Of 
particular interest is a plasmid . having a ere coding 

15 . region and a promoter that is active in plant, cells. 

Particular plasmids of interest include Plasmid Ura/Hpt- 
A (characterized by the restriction enzyme map shown in 
Figiire lA, or a derivative thereof), S2xsJBpt-B 

(characterized by the restriction enzyme map shown in 
20 Figure IB, or a derivative thereof), IfiXE/Nptll/flra 

(characterized by the restriction enzyme map shown in 
Figure IC, or a derivative thereof) and pZ241oxAG 
(characterized by the restriction map shown in Figure 4, 
or a derivative thisrepf ) . Of particular interest is the 
25 use of the methods of the invention in the manufacture 
of seedless produce. 

As used herein, the expression "site-specific 
recombi nation" is intended to include the following 
three events: 

30 1. deletion of a pre-selected DNA segment flanked 

by lox sites, 

2. inversion of the nucleotide sequence of a pre* 
selected DNA segment flanked by lo^ sites, and 

3. reciprocal exchange of DNA segments proximate to 
35 inx sites located on different DNA molecules. 
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It is to. be understood that this reciprocal exchange of 
DHA segments can result in an integration event. 

In the context of this disclosure, a number of terms 
shall be utilized. 
5 The expression ''nucleotide seqaence" refers to a 

polymer of DNA or RNA, which can be single- or double- . 
stranded, optionally containing synthetic, non-natural, 
or altered nucleotides capable of incorporation into DNA 
• or RNA polymers . . 
.10 "DNA segment" refers to a linear 'fragment of single- 

or double-stranded deoxyribonucleic acid (DUA), which 
can be derived from any source. The expression "D!IA in 
plant cells" includes all DNA present in plant cells. 
As used herein, a "gene" is intended to mean a DNA 
15 ; segment which is normally regarded as a gene by those 
skilled in the art. ^ 

"Coding region" refers to a DNA segment which 
encodes a regulatory molecule or any polypeptide. 
The expression "regulatory molecule" refers to a 
20 polymer of ribonucleic acid (RNA), such as antisense BNA 
or a ribozyme, or a polypeptide which is capable of " 
enhancing or inhibiting e^reission of a gene product. 

"Gene product" refers to a polypeptide resulting 
from transcription, translation, and, optionally, post- 
.25 translational processing of a selected DNA segment. 

The term "expression" as used herein is intended to 
mean the. translation to gene product from a gene coding 
for the sequence of. the gene product. In expression, a 
DNA chain coding for . the sequence of gene product is 
30 . first transcribed to. a complementary RNA which is called 
a messenger RNA. and then, the thus transcribed messenger 
KNA is translated into the abov^-mentioned gene product. 

As used herein, the term "promoter region" refers to 
a sequence of DNA, usually upstream (S ' ) of the coding 
35 sequence, which controls the expression of the coding 



wo 91/09957 PCrAB90/ll7295 

. 9 

■ 

' region by. providing t^e recognition for RKA pol:ifmersLse 
and/or other factors required for transcription to start 
. at the correct site. A "prcnnoter fragment" consitiites a 
DNA sequence consisting of the promoter region. ' 
5 A promoter region can include one or more regions 

which contxt)! the . effectiveness of transcription ; 
. initiation in response .to physiological conditions, and 

a transcription initiation sequence. 

- * . . 

"Tissue specific promoters" as referred to herein 
10 are those that direct gene expression i>rimarily in. 

specific tissues such as roots, leaves, stems, pistils, 
anthers, flower petals or epidermal layers. 
Transcription stimulators, enhancers or activators may 
be integrated into tissue specific promoters to create a 
15 promoter with a high level of activity that retains 
tissue specificity.. 

"Regulatory nucleotide sequence*, as used herein, 
refers to a nucleotide sequence located proximate to a 
coding region whose transcription is controlled by the 
20 regulatory nucleotide sequence in conjunction with the 
gene expression apparatus of the cell. GenereJ.ly, the 
regulatory nucleotide sequence is located 5 * to the 
coding region. " A promoter can include one or more 
regulatory nucleotide sequences. 
25 "Polyadehylation nucleotide sequence" or 

"polyadenylation nucleotide region" refers to a 
nucleotide sequence usually located 3' to a coding 
region which controls the addition of polyadenylic acid 
to the RNA transcribed from the coding region in 
30 conjunction with the gene expression apparatus of the 
cell. 

"DNA segment that influenceis gene expression in 
plant cells". can include a coding region, a promoter, a 
. regulatory nucleotide sequence, a polyadenylation 
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nucleotide sequence, or othfer DMA sequence regarded as 
Influencing gene expression by those skilled in the art. 

As used herein, "transformation- means processes by 
which celis/tissues/plants acquire . properties encoded on 
a nucleic acid molecule that has been transferred to the 
cell/tissue/plant. "Transferring? refers to methods to 
transfer into cells including, but not limited to, 
microinjection, pemeabilizing the cell membrane with 
various physical (e.g., electroporaticto) or chemical 
(e.g. , polyethylene glycol, PEG) treatments, high- . 
velocity microprojectile bombardment also termed 

biolistlcs, or infection with Aa^r.^..^^^*,^ 

or A* rhir.oqfnf'; . As used herein, ■ trans formant" means 
a plant which has acquired properties encoded on a 
nucleic acid molecule that has been transferred to cells 
during the process known as transformation: As used 
herein, "re-transformation" means transformation of 
cells/tissues/plants which are In themselves 
transf ormcuits . 

As used herein, "sexual hybridization" means the 
production of offspring by crossbreeding of two plants 
that are genetically different, such as those which have 
different DMA sequences integrated into their genome. 
As used within "integrated" means that the 
25 transferred DMA is incorporated into the plant genome. 
As used herein the egression "lex site" means a 
nucleotide sequence at which the gene product of the era 
gene, referred to herein as Cre, can catalyze a site- 
specific recombination. The lasE site is a 34 base pair 
30 nucleotide sequence which can be isolated from 

bacteriophage PI by methods known in the art. One 
method for isolating a last site from bacteriophage PI 
is disclosed by Hoess et al., Pirr^n ao^H 
USa, 23,1 3398 (1982) . The lassZ site consists of two 13 
base pair inverted repeats separated by an 8 base pair 
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spacer region. Xhe nucleotide sequences of the inverted 
repeats and the spacer region are as follows: 

. ATAACTTC6TATA AT6TATGC TATACGAAGTTAT . 

£^ CQli transformed with plasmid IcucE/Nptll/Hra carrying 
5 two 2saL sites r one oh either side of a polyadenylation 
nucleotide sequence derived from a tobacco Rubisco small 
subunit gene, has been deposited with the ATCC under the 
Budapest treaty agreement and bears deposit accession 
number 68177. This and other deposits are available to 
the public v:pon the grant of a patent to the assignee. 
However, it should be understood that the availability 
of a deposit does not constitute . a license to practice ? 
the subject invention in derogation of patent rights 
granted by governmental action. The Iqx sites and 
intervening region can be ...excised from plasmid 
loxP/Nptll/Hra with the restriction enzyme Hindlll. In 
addition, a preselected DHA segment can be inserted into 
IQXF/Nptll/Hra at the BamHI restriction enzyme site by 
techniques known in the art. Other suitable lox sites 
include loz&i loxL and Iqxr sites which are nucleotide 
sequences isolated from cqH. These sequences are 
disclosed and described by fioess et al.. Prog. waM . 
ftcad, Sci, TTfjfl/ 22: 3398 (1982) • i^ir sites can also be 
produced by a variety of synthetic techniques which are 
known in the art. For example/ synthetic techniques for 
producing Ji22L sites are disclosed by Ito et al., Nug. 
Aclvi Rfi3,r Ifi: 1755 (1982) and Ogilvie et al., firA^nn^, 
211: 270 (1981) . . 

Methods for introducing a DHA sequence into plant 
cells are known. in the art. Nucleic acids can generally 
be introduced into plant protoplasts, with or without 
the. aid of electroporation, polyethylene glycol, or 
other processes known to alter membrane, permeability. 
Nucleic acid constructs can also be introduced, into 
plants using vectors con?>rising part of the Ti- or Ri- 
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plasmid, a plant virus, or an autonomously replicating 
sequence. Nucleic acid constructs can also be 
introduced into plants by microinjection or by high- 
velocity microprpjectiles, also termed -particle 
bombardment- or;-biolistics- CSanford, C, miLssh. 
£: 299 {1988)1, directly into various plant parts. The 
preferred means of introducing a nucleic acid fragment 
into plant cells involves the use. of t^i'..',^^^ 
containing the nucUic acid fragment between T-DNA 
borders either on a disarmed Ti-plasmid (that is, a li- 
plasmid from whi.<sh the genes for tumbrigenicity have 
been deleted) or in a binary vector ia Jxana to a 
disarmed Ti-plasmid. The agrobactfirilim can be used to " 
transform plants by inoculation of tissue «5)lants, such 
as stems, roots, or leaf discs, by co-cultivation with 
plant protoplasts, or by inoculation of seeds or Wounded 
.pletnt -peurts. 

The range of crop species in which foreign genes can 
be introduced is increasing rapidly as tissue culture 
and transformation methods improve and as selectable 
markers become available. Thus, this invention is 
applicable to a broad range of agronomically or 
hort iculturally useful plants . The particular, method 
which is employed to introduce the DKA sequence into a 
selected plant ceU is npt critical. In a. preferred 
embodimeint, DNA sequences are introduced into plant 
cells by co-cultivation of leaf discs with 

tuniftfflrffni essentially as described by Horsdi 
et al., Scifincft, \221: 1229rl231 (1985) omitting the 
nurse cultures. 

In the present method, the lax. sites are contacted, 
with Cre, thereby producing the site specific 
recombination . m one embodiment, Cre or m messenger 
RNA is introduced into the cells directly by 
microinjection, biolistics, or other protein or RNA 
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introduction prpceduze. In a preferred embodiment, the 

£££i coding region is introduced into the plant cell 
. under the control of a promoter that is active in plant 
cells* Suitable regulatory nucleotide sequences are 
5 known in the art. The prcnaqter which is enployed with k 

selected plant cell is not critical to the method of the 

\_ , " - . ■ ■ 

invention. A partial list of suitable promoters . Include 
the 35S promoter of cauliflower mosaic virus described 
by Odell et al,, fiature, 211z 810-812 (1985); the 

10 promoter from the nopaline synthase gene of 

A^-tumefaciena described by oepicker et al., J- of Mni. 
Appi. Gen^t-r X: 561-573 (1982); the promoter from a 
Rublsco small subunit gene described by Mazur and Chui, 
Mufllftic ftcids Research Hi 2373-2386 (1985); the 1* or 

15 2* promoter from the TR-DNA of a. i-inTtf^far^pn^; described 
by Velten et al., embq 1Z:2723-2730 (1984) ; the 

promoter of a chlorophyll a/b binding protein gene' 
described by Dunsmuir et al.^ J. Mol. Appl. Genet. 

2:285-300 (1983); the promoter of a soybean seed storage 
20 protein gene described by Chen et al., Pror. Natl . Arad. 
sgj. nsAf £3: 8560-8564 (1986); and the promoter from 
the wheat EH gene, described by Marcotte et al.. Nature 
335 : 454-457 (1988) • Cre can be e^^essed throughout 
the plant generally in all cells at all stages of 
25 development, or expression of <^re can be more 

specifically controlled through^ the use of promoters or 
regulatory nucleotide seqpiences having limited 
expression characteristics. Cre can be expressed in a 

tissue specific manner, for exaiiQ>le only in roots, 
3Q leaves, or certain flower parts. Cre can be expressed 

in a develppmentally specif ic time period, f or exaiq)le 
only during- seed formation or during reproductive cell 
formation. Cre egression can also be placed under the 

control of a promoter that can be regulated by 
35 application of an inducer. In this case ere expression 
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is off or very low until the external inducer is 
applied. Promoters active in plant cells have been 
described that are inducible by heat shock tGurley et 
al., Mo3 . rpn Binl 559-565 (1986)], ethylene 
5 CBroglie et al.> Plant, Cell 1: 599-607 (1989)1, auxin 
IHagan and Guilfovle. MoT . r«>n Ti<p| ^. 1197-1203 
(1985) J , abscisic acid IMarcotte et al. , Nat-nT-A 335 » 
454-457 (1988)1, salicylic acid (BPO;332104A2 and EPO . 
337532A1) , and substituted benzenesulfonaaiide safeners 

ot £x& expression by the 
safener-induclble promoter 2-2, orbits deriv^tives> 
allows the escpression to be turned on only when the 
inducing chemical is applied and not in response to 
environmental or phytohonaoaal stimuli. Thus erg 
15 e:q>riession can be initiated at any desired time in the 
plant life cycle . Preferably, the regulatory nucleotide 
sequence is a 35S pronoter or a 2-2 promoter. 

The gene product of the rra coding region is a 
recombinase herein designated "Cre" which effects site- 
specific recombination of DMA at lax sites. As used 
herein, the ejcpression "^ra coding region" means a 
nucleotide sequence which codeis for a gene product which 
effects site-specific recombination of DMA in plaht 
cells at Iflx sites . One era coding region can be 
25 isolated from bacteriophage PI by methods known in the 
art. One method for isolating a era coding region from 
bacteriophage PI is disclosed by Abremski et al., £fill, 
12: 1301-1311 (1983). The naturally occurring era 
coding region can be altered by mutation to produce Cre 
30 proteins with altered properties as described by 

Wierzbicki et al., J. MnV n^nl ,, 785-794 (1987). 

These altered Cre proteins retain their identities as 
Cre. . • 

£. £Qli transformed with plasmid Cre/Hpt-A and £. 
35 £Qli transformed with plasmid Cre/^t-B both carrying a 
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£Cfi. coding region isolated from bacteriophage PI and a 
cauliflower mosaic virus (CaMV) 35S promoter have been 
deposited with the ATCC and bear deposit accession 
numbers ATCC 68176 and.AICC 68175, respectively. The 
. 5 ere coding region' can be isolated froia plasmid Cre/Hpt-B 

with the restriction enzymes I^nl and Sail. 

In one embodiment/ the f irst, second, and . 

■ ■ • 

optionally; third DMA sequences are Introduced into one 
plant by transformation either in one step or in two or 

.10 three successive steps. Alternatively; the first cind 
. second DNA sequences are introduced into one plant and 
the third DNA sequence into a different plant . • The two 
plsthts are then sexually hybridized to prodube progeny 
having. all. three DIUV sequences. In another embodiment 

.15 the first, second, and third DNA sequences are each 

introduceid . separately into a plant and the three are 

brought together by sexual hybridization. 

Itost preferably, the plasmid for introducing a DHA 
sequence comprising a promoter and a nre coding region 

20 is Cre/Hpt*A or Cre/Hpt-B and the plasmid for 

introducing a DNA sequence coii^>rising a lox site is 
iQxE/Nptll/Hra or derivatives thereof carrying a pre^ 
selected DNA segment bther than or in addition, to the 
Rubisco small subunit polyadenylation nucleotide 

25 sequence located between the first and second l£2& sites. 
These plasmids can be used to generate plants carrying 
££& or lex by those skilled in the art or as taught in 
this application. . A Cre plant and a lox plant can be 

sexually hybridized to produce hybrid progeny plants 
30 containing a cre coding region and iQx sites . 

Since the lox site is an asymmetrical nucleotide 
sequence, the lax sites on the same DNA molecule can 

have the same or opposite orientation with respect to 
each other. Recombination between lox sites in the same 

35 orientation results in a deletion of the DNA segment 
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located between the two lox sites and a connection 
between the resulting ends of the original DNA molecule. 
The deleted DNA. segment forms a circular molecule of 
DNkv The. original DNA molecule and the resulting 

5 circular molecule each contain a single lox site. 

... • ' ~» 

.Becoipbination between Iqz. sites in opposite orientations 

on the same DNA molecule result in an inversion of the 
nucleotide sequence of the DNA segment located between 
: the two lQ2i sites • In addition, reciprocal exchange of 
10 DNA segments proximate to lox sites located pn two 
different DNA molecules can occur. All of the^e 
reconibina:tion events are catalyzed by the product of the 
coding region. 

In a preferred enbodlment of the present invention, 

IS the first and second DNA sequences are introduced into . 
plant Cells connected by a pre-^seiected DNA segment. 
The segment can be a gene or any other sequence of 
deoxyribonucleotides of homologous, heterologous or 
synthetic origin. Preferably, the pre-selected DNA 

20 fsegment. is a gene for a structural protein, an enzyme, 
or a regulatory molecule; or a DNA sequence that 
iiif l^ences gene expression in plant cells such as a 
regulatory nucleotide sequence, a promoter, or a 
polyadenylation nucleotide sequence. If the first and 

25 second lax sites have the same orientation, contact with 
Ore produces a deletion of the pre-selected DNA segment. 
If the first and second Iqx sites have opposite 
orientation,^^ contact with Cre produces an inversion 
("flipping") of the nucleotide sequence of the pre- 

30 selected DNA segment. 

An effort was made to demonstrate the activation of 
geiie expression using the f lippiug mode of the loxE-^re 
system. A construction wais made in which the coding and 
polyadenylation regions from a sulfonylurea-resistant 

35 ALS gene were placed between two synthetic lox? sites 
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that were in inverted orientation relative to each 
other. This i^Qv^ bounded fragment was placed in 
inverted orientation to the 35S promoter such that it 
would not be e^ressed. The entire internqpted gene was 
• 5 put into a bineuiy vector including a kanamycin 
resistance selection, marker, 'introduced into 
A. t2ainfi£acifina# ;>ahd then into tobacco plants. As 
, expected, kananycln-resistant trahsformants were not 
resistant to chlorsulfiirpn (a sulfonylurea), 
10 demonstrating no .eaqpression of the inverted coding ; 
region. Tissue was taken from selected transformants 
and retransf ormed using Ayyofead^^rium containing -/Apt 
or Cre/flpt-B (£xa]q>le flygromycin selected plants 

. that received Cre retained their sensitivity to 
IS chlorsulfuron, . indicating that the sulfonylurea- . 

resistant ALS gene was not activated. The ALS gene was 
not activated because the loiE-bounded fragment did not 
flip in the plants . This was , determined by analyzing 
plant DNA on Southern blots : a band representing the 
20 original Ifflt construction was detected, but ho band 
representing the flipped IpsE-bounded fragment was 
detected. The lfi2s£~bounded fragiaent was then shown to 
be incapable of flipping in an In vitrro reaction using 
purified Cre. Thus this particular J^ox construction was 
25 defective in some as yet undetermined aspect. It is 

fully anticipated that if the loxE-bounded fragment were 
capable of flipping in the in ^citxa reaction, it would 
flip in plants containing Cre and the ALS gene would be 

■ • • • 

activated. 
30 PTTLITY 

The invention permits the site-specific 
recombination of DNA at the points of the introduced lox 

sites in any of the iEollowing ways: 

(a) Deletion of the DHA segment flanked by 

35 sites (excision) ; 



(b) Inversion of the nucleotide sequence of the 
DNA segment flanked by Inx sites (flipping) ; 
or . 

(c) reciprocal exchange of DNA segments proxijuate 
to ipx sites located on idULfferent i^ 
(exchange); 

Mode (3:) ^ excision, occurs when the lo^i sites are in 
like orientation on the same DNA molecule . Oine exanple 

this event is to permit the removal of undesired 
marker genes, such as those that confer antibiotic . 

hejdbicide resistance, in transgenic 
plants. Removal of the marker would also allow, the use 
of the same marker in a second transformation of the 
transgenic plant. Also a trait gene that is undesired 
in a specific tissue or at a certain developmental time 
can be excised « Also a DNA sequence influencing ^ 
esqpression of a genie can be excised resulting in 
increased or decreased expression of the gene. One 
skilled in the art will recognize that the reverse of 
excision (i.e.,; integration) may also be performed. 

Mode (b), flipping, occurs when the lox sites are in- 
re verse orientation on the same DNA molecule. This 
event may provide new methods of jcxfirregulated gene ' 
expression. Gene expression can be turned on by 
changing the direction of a prompter or. regulatory 
nucleotide sequence from an inactive to an active 
orientation with respect to a coding region. Also 
changing the orientation of a coding, region with respect 
to a promoter will alter its expression. Other ways to 
turn expression of a gene off include flipping an 
antisense BNA or ribozyme from an inactive to an active 
orientation. 

Mode (c) , exchange, may provide useful tools for 
recombinant alteratiojas of plant DNA. 
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One application of the instant invention is in 
controlling male fertility in a method for producing 
hybrid crops. Hybridization of a crop involves the 
crossing of tvo different lines to producje hybrid seed 
5 from Which the crop plants are grown* Hybrid, crops are 
superior in that more of the desired traits can be 
introduced into the production plants. For instance, 
quality traits such as oil content, herbicide 
resistance, disease resistance, adaptability to 

10 enyirbiuoental conditions, and the like*, can be 

h^ridized in offspring so that the latter are invested . 
with . the most desirable traits of its parents • In 
addition, progeny from -a hybrid cross may possess new 
qualities resulting from the coinbination of the two 
. 15 parental types, such as yield enhancement resulting from 
the phenbsienon known as heterosis. . Controlled cross- . 
fertilization to produce hybrid seeds has been difficult 
to achieve commercially due to conqpeting self- 
fertilization, which occurs in most crop plants. 

20 Currently, hybrid seed, production is performed by 

one of the following means : (cf.) mechanically removing 
or covering the male organs to prevent self- 
fertilization followed by exposing the male-disabled 
plants to plants with male organs that contain th^e 

25 trait (s) desired for crossing; (b) growing genetically 
male*-sterile plants in the presence of plants with 
fertile male organs that contain the trait that is 
desired for crossing; or (c) treating plants with 
chemical hybridizing agents (CHA) that selectively 

30 sterilize male organs followed by exposing the male- 
disabled plants to plants with fertile male organs: that 
contain the trait that is desired for crossing. Some 
disadvantages to each of these methods include: (a) 
applicability only to a few crops, isuch as com, where . 

35 the male and female organs are well separated; and it is 
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labor intensive and costly; (b) genetically nkle sterile 
lines are cumbersome to maintain, requiring crosses , with 
restorer lines; (c) all CHAs exhibit soioe degree of. . 
general phytotoxicity and femalie fertility reduction. 
5 Also CHAs often show different degrees of effectiveness 
toward different crop species, or even toward different 
varieties within the same species • 

. A new molecular genetic approach to hybrid crop 
production that is applicable to a wid^ range of crops 
10 and involves genetic male sterility has been developed 
by Plant Genetic Systems. As described in EPA , 
89-344029^ this system involves the introduction of a 
cell disruption gene that is expressed only in the 
tapetal tissue of anthers thereby destroying the 
IS developing pollen. The resulting genetically male 

sterile plants serve as the female parents in the cross 
to produce hybrid seed. This system could be highly 
effective and desirable. However one disadvantage is 
that since the male sterile parent is heterozygous for 
20 the sterility gene ^diich acts as a dominant trait, only 
50% of the plants grown from the hybrid seed are . 
fertile, the rest retain the sterility gene. This 
situation will result in reduced pollen shed in the 
production field which may lead to reduced seed set and 
25 yield. Addition of lojsErXXft technology to this hybrid 
scheme will allow restoration of fertility, to a much 
higher percentage of plants in the production field, as 
well as elimination of the cell disrixption gene. 
Placing the male sterility gene between loxE sites. 
30 allows it to be deleted following introduction of Cre 
into the hybrid from the male parent . 

Another application of the instant invention is in 
making seedless produce. Seedlessness is desirable in 
consumed produce for convenience and taste. Currently 
35 "seedless** watermelon is sold that actually contains 
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some developed se^d and a large number of immature seed 
that varies in size up to that of fully mature seed. . To 
produce these watermelon first a hybrid cross is made ' 
between a tetraploid maternal parent and a diploid 
5 pollinator. The resulting tripldiid -seed produces . self - 
infertile plaxits that are crossed with a diploid 
pollinator to produce seedless fruit CH. Kihara, Proc. 

snr?, Horf , Set., 58*217^230. (1951)]. This production 
scheme suffers the . following problems: (i) Creating a • 
10 tetraploid plant r which is accons^lished by a chromosome 
duplication method, is difficult. Also the number of 
seeds per fruit on this tetraploid plant must be low 
since this has a positive correlation with seed number 
in the final product [C. F. Andrus, Prodnrtion nf 
. 15 -gAArilfigfi wai"Anm>lftng. USDA Tech. Bull. No. 1425 (1971)]. 
(ii) Good combining ability of the diploid pollinator 
and the tetraploid plant is difficult to achieve [W. 
Henderson, .t. Amp^r. Son, wnrf fini.. 102:293-297 . 

(1977)]. (iii) The triploid seeds are much inferior to 
20 regular diploid seeds in vigor and germinability [D. N. 
Maynard, Hort. Sci.. 24:603-604 (1989) ]. These 
problems, together with incoiQ>lete heedlessness in the 
final product, make the development of seedless 
watermelon slow and difficult. This ploidy-based 
25 approach to seedlessness is possible only in those few 
species where tetraploid and diploid plants are viable • 

A molecular genetic approach to seedlessness 
involving inyp-cre is much more efficient, resulting in 

a more reliably seedless product and does not involve 
30 changes in ploidy. Thus it is more generally applicable 
to a wider range of species. A lo^polyA-inactivated 
cell disruption gene regulated by a seed-specific 
promoter is introduced into a plant. When this plant is 
crossed to a plant expressing Cre, the disruption gene 
35 is activated and expressed in the seed, thereby 



10 



wo 91/09957 PCrAlS90Ar7295 

22 

disrupting seed development. The certainty of endo^rm 
failure (caused by the cell disruption ^ene product) 
leading to the abortion of the whole seed is very high. 
In most dicots^ the endosperm supplies the nutrients . 
5 needed for early embryo development. Endosperm abortion 
invariably leads to seed abortion (R. A. Brink andi b. C. 
<k>bper, Bflt^JajU A: 423-541 (1947) 1 . 

The seed-specific promoter uised is selected from the 
group of pron»ters known to direct expression in the 
embryo and/or the endosperm of the developing seed, most 
desirably in the endosperm. Exan5>les of seed-specific " 
promoters include but are not liaited to the promoters 
of seed storage proteins. The seed storage proteins are 
strictly regulated, being e3q)ressed aljaost exclusively -' 
15 in seeds in a highly tissue-specific and stage-specific 
manner [Higgins et al., Ann, pa^ P iani- Phy^^^^i ^g. 
191-221 (1984); Goldberg et al.. Cell S«^» 149-160 
(1989) 1 . Also, different seed storage proteins may be 
expressed at different stages of seed development and in 
20 different paurts of the seed. 

There are numerous exan^les of seed-specific 
ea^ression of seed storage protein genes in transgenic 
dicotyledonous plants. These include genes from . 
dicotyledonous plants for bean p-phaseolin tSengupta- 
25 Goplalan et al.. Prnn wat-v ^pari. nsi^ ft?. 

3320-3324 (1985) and Bof£nan et al., Pl;^nf m^i tii^i 
11: 717-729 (1988)1, bean lectin [Voelker et al., Eumn .V 
£: 3571-3577 (1987 (), soybean lectin [Ocamaro et al., 

- - * . • 

f roc . Wat 1 . Acad . ftri nig^ £2: 8240-8344 (1986) ] . 
30 soybean kunitz trypsin inhibitor (PerezHSrau and 
Goldberg Planf fpll 1: 1095-1109 (1989) 1 , soybean 
P-conglycinin {Beachy et al., embo .t a ; 3047-3053 
(1985), Barker et al., Pmr m;,m aoart. 
458-462 (1988),. Chen et al., emro .t 7. 297-302 (1988), 
35 Oien et al.. Dev. fipnpr IQ; 112-122 (1989), Naito 



wo 91/09957 PCTAJ^0An295 

23 

et al., Planh Mrti ■ m^T XL'. 683-695 (1988)], p^a 
vicillin IHlggins et al.. Plant- ^lr^^ ti . 109-123 

(1988)], pea convlcilUin (Meid>lgin et al., Elanta JLSp.: 
461 (1990)], pea legumln (Shirsat et al., con 

« » • • • * 

5 Genet, icn 326 (1989)], rapeseed napiu [Radke et al., 

Theor, ftppl. Genet, 2&: 685-694 (1988)], as well as 
genes from xnonocbtyledonous plants such as for maize 15- 
kd zein [Hoffman et al., BMBOJl £: 3213-3221 (1987)], 
barley P-hordein [Marris et al., Plants MqI. Rjoi . jj^. 

10 359-366 (1988)], and wheat gluteniri [(Solot et al., EMBQ 
J £: 3559-3564 (1987)]. Moreover, promoters of seed- 
specific genes operably linked to heterologous coding 
regions in chimeric gene constructions also maiiitainr 
their temporal and spatial expression pattern 1^ 

15 transgenic plants • Such exaiQjles include Ayabirfnp*;^ 
thai i ana 2S seed, storage protein gene promoter to 
express enkephalin peptides in Arahidopgjg and Brass 4 
napus seeds (Vandekerckhove et al., BiQ/Tec?hnniogy 7* 
929-932 (1989)1, bean lectin and bean P-phaseolin 

20 promoters to express lucif erase TRiggs et al.. Plant 

Sci, £1; 47-57 (1989)], and wheat glutenin promoters to 
express chlpranphehicol acetyl transferase [Colot et 
al., £liBQ £: 3559-3564 (1987)]. Promoters highly 
expressed early in endosperm development are most 

25 effective in this application. Of particular interest 
is the promoter, from the a* subunit of the soybean P- 

conglycinin gene (Walling et al., Pror. NaM , Arad. . 

nSA £a: 2123-2127 (1986)1 which is expressed early in 

seed development in the endosperm and the embryo* 

.30 The cell disruption gene used is selected from a 

group of genes encoding prbductis that disrupt normal 
functioning of cells . There are many proteins that are 
toxic to cells when e3q)ressed in an unnatural situation. 
Examples include the genes for the restriction enzyme 

35 EcoRI (Barnes and Rine, Pror. waM . Ararf. sr^. n^A ja2: 
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1354-1358 (1985) J , diphtheria toxin A lYainaisumi et al.< 
X^IS: 245-250 (1987)], styeptavidin ISano and Cantor! 
PrOfi . Nnn . ftflnd . SH HRB fil: 142-146 (1990) ] , and 
bamase {Paddon apd Hartley, Gen«» S3 » 11-19 (1987) J. 
5 Most preferred for this system is the coding region of 
bamase which has been shown to be highly effective in 
disng>t.ing tile function of plant cells (EPA 89-344029). 

A highly desirable seedless system is one in which 
fully, fertile Fl seed develops, that can then be grom 
into plants that produce only seedless fruit. This 
system is economically fayoriable in that for each cross 
pollination, a large number of -seedless fruits result: 
the nuinber of Fl seed from one cross X the number of 
fruits produced on an Fl plant. Also incorporated in 
this scheme are the advantages of growing a hybrid crop, 
including the. combining of more valuable traits and 
hj^rid vigor. This is accomplished in the same manner 
as described above except that the Ifix/polyA-inactivated 
disruption gene is expressed from a seed coat-specific 
promoter. The seed coat is the outgrowth of the 
integuments, a strictly maternal tissue. Therefore the 
hybrid cross that brings, the JLax/polyA-inactivated 
disruption gene together with the sxs. gene does not 
involve this seed coat tissue. The seed coat of the Fl 
25 seed has either lax or m, depending on which is used 
as the female parent, and thus Fl seed develop normally. 
After the Fl seed gives rise to a fruit-bearing Fl 
plant, all vegetative cells (including seed coat cells) 
iiiherit both lax and era from the embryo. Thus the seed 

coat of the Fl plant has an activated cell disruption 
gene. 

The seed coat is an essential tissue for seed 
development and viability. Nhen the seed is fully 
matured, the seed coat serves as a protective layer to 
35 inner parts of the seed. During seed development, the 
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seed coat is a vital nutrient-isporting tissue for the 
developing embryo. The seed is nutritionally 
"parasitic"* to the mother plant. All raw materials 
. necessary for seed growth must be Imported ♦ In seeds of 
5 dicotyledonous plants, the vascular tissue enters the 
seed through the funiculus and then anastamoses in the. 
seed coat tissue. There is no vascular tissue 
connection or plsismodesmata linkage between the seed 
coat and the eoobryo. Therefore, all nutrient solutes 
. 10 delivered into the developing seed must be unloaded- 

inside the seed coat and then move by diffusion to the 
embryo. Techniques have been developed to study the 
nutrient composition in the seed coat [fisu et al.. Plant 
Physiol « 25,1 181 (1984); Thome & Rainbird, Plant 
15 Physiol. 12: 268 (1983); Patrick, J, Plant Physifil ■ 

297 (1984) ; Wolswinkel & Ammerlaan, J. Exp. Rot- . 35? 

(.1985)1, and also the detailed cellular mechanisms of 
solute unloading [Offler & Patrick, Anst. J. Plant 
Physiol. 11: 79 (1984) ; Patrick, Physiol- Plant 2&i 298 
20 (1990)]. It is obvious that the destruction of this 
vital nutrient«*funnelling tissue causes seed abortion. 

STTE SPECTFTC RECQMBTNATTON TV PLANTS 
Materials anrf M^thnrig 

25 Molecular Techniques 

Methods of culturing bacteria, preparing DN&, and 
manipulating DNA were as described by Maniatis et al., 

Molfintilar Cloniny: A Laboratory Manual [Cold Spring 

Harbor Laboratory, New York (1982) ] unless stated 
30 otherwise. Restriction enzymes and other enzymes used 
in DNA manipulations were obtained from New England 
Biolabs^ Inc. (Beverly, MA/ USA), Boehringer Mannheim 
(Indianapolis, IN, USA), or Bethesda Research Laboratory 
(Gaithersburg, MD, USA) and were used essentially 
35 according to the manufacturer's specifications. 
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Both BN& and DMA trere extracted from the sane leaf 
san5)les by combining methods for extraction of each. 
One to five grams of leaf tissue were frozen in liquid 
nitrogen and ground. Frozen tissue was added to 15 ml 
of extraction buffer tlOO mM Trizma hydrochloride (Tris) 
pH 8.0, 50 mM EDTA pH 8.0, 100 mM MaCl, 1% sodium 
dodecyl sulfate (SDS) , 200 |ig/ml proteinase K] and 
heated at 65«C for 10 mln. Five ml of 5 M potassium 
acetate was added, and the saiq>les were placed on ice 
for 20 min. The. samples were spun at 25K x g for 20 min 
and the supernatant was poured through cheesecloth into 
a tube containing 1 ml of 5 M sodium acetate and 10 ml 
of isoprppanol. The tubes were left overnight at -ZO'C. 
The RNA/DNA was pelleted by centrifugation at 20K x g 
for 15 min. The pellets were resuspehded in 10 mis of 
water and an equal volume of 4 M lithium chloride was 
added. The solutions were placed on ice for 1-2 hours, 
then.centrifuged for 20 min at 20K x g. The supernatant 
was collected and an equal volume of isopropanol was 
added. After an overnight incubation at -20«C, the DNA 
was pelleted and resuspended in a solution of 10 mM Tris 
with 1 mM EDTA pH 8.0 (TE) . The saa^Hes were extracted 
with an equal volume of Tris pH 8.0 buffered phenol and 
precipitated by adding 0.1 volume of 3 M sodium acetate 
and 2.5 volumes of ethanol. For Southern blot analysis 
the DMA was digested with a restriction enzyme and the 
resulting fragments were separated by gel 
electrophoresis, transferred to Zeta-Probe filters 
(Bio-Rad Laboratories, Richmond, CA, OSA) , and 
hybridized with nick translated probes. 

The lithium chloride pellet was resuspended in one- 
half the original volume of water, an equal volume of 
lithium chloride was added, and the mixture was placed 
on ice for an additional hour. The RNA was pelleted by 
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centrifugation, resuspended in water, .extracted with 
buff ered phenol, and precipitated with 0.1 volume of 3 M 
sodium acetate and two volumes ethahol. For Northern 
blot analysis the lUd was separated by. gel 
5 electrophoresis in formaldehyde as described by Rave et 
al^- Knci. Acids n^s. 6; r'^SQ--35gQ (1979) , transferred 

to Zeta*Probe filters, and hybridized to nick translated 
probes. • • y 

Generation of transoenig plant; g 

10 . The cointegrate and binary Ti plasmids containing 
the chimeric xira gene and those containing inxP sites 
were introduced into tobacco by leaf disk transformation 
and ijitb Arahiiiopsls, by root transformation as described 
in £xaiQ>le 8. Standard aseptic techniques for the 

15 manipulation of sterile media and axenic p 1 a nt /bacterial 
cultures were followed, including the use of a laminar 
flow hood for all transfers. Recipes for media for 
tobacco are given in Table 2 . Potted tobacco plants for 
leaf disk infections were grown in. a growth chamber 

20 maintained for a 14 hr, 24*0 day, 10 hr, 20^ night 

cycle, with approximately 80% relative humidity, under 
mixed cool %diite fluorescent and incandescent lights . 
Tobacco leaf disk infections were carried out 
essentially by the method of Horsch et al., Sel^n^g* 221, 

25 1229-1231 (1985), omitting nurse cultures. 

Healthy young leaves, not fully e3q>anded and 
approximately 3-5 inches in length, were harvested . from 
apprpxixi£ately 4-6 week old tobacco plants mirnt-iaha 
t aba mm var. Xanthi) • The 'leaves were surface 

30 sterilized by immersion in a solution containing 10% 

commercial bleach and 0.1% sodium, dodepyl sulfate (SDS) . 
After 20 minutes of sterilization with intermittent 
mixing, the leaves were transferred successively three 
times to sterile deionized water to rinse the leaves 
35 thoroughly, and then shaken gently to remove excess 
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water. Leaf disks, 8 imii in dWter, were prepared from 
leaves using a sterile . paper punch. 

Cultures of ftgrohnnffrliim cells containing the 
binary or cointegrate plasmids were grown in 5 ml of XEB 
5 or YEP broth (iPable 1 and Table 8) with the apprcjpriate 
antibiotics. Cultures were grown for apprbxinately 17- 
20 hours in 18 mni glass culture tubes in a New Brunswick 
iplatform shaker maintained at 28*C. Leaf disks were 
^ inoculated by submerging them for several minutes in 20 
10. ml 6f a 1:20 dilution of the overnight Agrohactfitiufli 
culture... 

After inoculation, the leaf disks were placed in 
petri dishes containing .iniB agar medium (Table 2) . 
The dishes were sealed with parafilm and incubated under 
15. nixed fluorescent and -6ro and She" plant lights 
(General Electric) for 2-3 days in a culture room 
maintained at approximately 25*C. 

To rid the leaf disks of ftgrnhnn-erllm and to- select 
for the growth of transformed tobacco cells, the leaf 
disks were transferred to fresh .INIB medium containing 
500 mg/l cefotaxime and either 10-30 mg/1 hygromycin, 
most preferably 30 mg/1 hygromycin, 20-50 ppb 
chlorsulfuron, most preferably 25 ppb chlorsulfuron, or 
100-300 mg/1 kanamycin, most preferably 100 mg/1 
kanamycin. Cefotaxime was kept'as a frozen 200 mg/ml 
stock solution and added aseptically (filter sterilized 
through a 0.45 fm filter) to tbe media after 
autoclaving. A fresh stock of hygromycin, 
«dilorsulfuton, or kanamycin was made for each use and 
was filter sterilized into the autodaved media. 

Leaf disks were incubated under the growth condition 
described above for 2-3 weeks and then transferred to 
fresh media of the same composition or to MX" with the 
appropriate antibiotics. 
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i^proximately 3-4 weeks later, shoots developing on 
medium containing either hygrqmycin, chlorsulfurbn, or 
kaneuirycin were excised with a sterile scalpel and 
planted in }0r. medium (Table 2) containing 200-500 mg/1 
5 cefotaxime, most preferably i250 mg/1 cefotaxime, in the 
presence or absence of 10-30 mg/1 hygromycin, most 
preferably 30 mg/l hygromycin, or 20-30 ppb 
chlorsulfuron, most preferably 25 ppb chlorsulfuron. 
Root formation was recorded within 3 weeks, 

10 Leaves were removed from the rooted excised shoots 

to determine levels of resistance to hygrbnQrcin, . 
chlorsulfuron, or kanantycin in a callus induction assay 
on selective media. To induce callus formation, leaves 
were excised and leaf disks, iB mm in. diameter, were made 

15 . using a sterile paper punch and plated on callus 

induction medium (Table 2) containing either 20-50 mg/1. 
hygromycin, most preferably 30 mg/1 hygromycin, 5-25 ppb 
chlorsulfuron, most preferably 25 ppb chlorsulfuron, or 
50^100 mg/1 . kanas^cin, most preferably 100 mg/1 

20 kanantycin. Callus growth on selective and non-selective 
media was recorded within 3 weeks* 

TABLE 1 

25 YEB MEDIUM 

Pgr iAt^^ 

Bacto Beef Extract 5/o g 

' • • • * ' 

Bacto Yeast Extract 1«0 g 

Peptone 5«0 g 

30 Sucrose 5,0 g 

MgSO4*7H20 0.5 g 

Agar (optional) 15.0 g 
pH 7*2 
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HI9 A With sucrose plates 



mix and autoclave 

min A salts; 

200 ml: K2HPO4 52.5 g 

KH2PO4 22.5 g 
(H&4)2S64 5 g 

Na Citrate 2^0 2.5 g 

20% MgS647H20 

1% thjnmlne hydrochloride 
20% sucrose 



'TABT.B 9 



948 ml 
15 g 

40 ml 



1 ml 
0.5 ml 
16 ml 



Ifiirashige's Minimal Organics Medium 

GIBCO #510-1118 (contains 3% sucrose) 
lOOX vitamin Supplement: 

10 mg/1 thiamine 

50 mg/l pyridbzine 

50 mg/1 nicotinic acid 

1 mg/ml . napthaleneacetic acid 
(NAA) stock ~ 

•1 mg/ml 6'-Benzylaminopurine (SAP) stock 



Par TM«-a^ 
1 package 

10 ml 



30 pH 5.8 



1 ml 



0.2 ml 
8.0 g 
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fihftft» Ttifiti^^nn MpH4nin f .lTUB^ 

lforashlge*s Minimal Organics Medium 

GIBCp #510-1118 (contains 3% sucrose) 
lOOX Vitamin Supplem^t : 
lO.mg/1 thiamine 
50 mg/1 pyridoxine 
50 mg/1 nicotinic acid 
1 mg/ml NAA (napthaleneacetic 

acid), stock / 
1 mg/ml BAP stocJc 



1 paclcage. 



10 ml 



0.1 ml 



1.0 ml 
8.0 g 



pH 5.8 



Pnnt- TnHnrf ior> Medium /My> 

Hurashige * s Minimal Organics. Medium 

GIBCO #510t1118 .(contains 3% sucrose) 
lOOX Vitamin Stxpplement: 

10 mg/1 thiamine 

50 mg/1 pyridoxine 

50 mg/1 nicotinic acid 

agar 
pH 5.8 



Per T,itftr 

1 package 
10 ml 



8.0 g 
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. and expression of the ere codiny region 

in plant: eel la 

EXftMPLE 1 

The starting material for construction of Cre/fipt-A 
was the plasmid pK35CAT, which is described in Lin et 
al.. Plant- Physiology^ M: 856-861 (1987) and has been 
deposited in the. ATCC and bears deposit accession nunO^er 
68174. This plasmid contains a CaHV 35S promoter 
(35S/P) directing expression of the chloramphenicol 
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acetyltransf erase (CM) coding region and followed by a 
nopaline synthase (NOS) gene polyadenylation nucleotide 
sequenaa (NOS 3») . pK35CM was derived from pK35K, 
which was in turn derived from pKNK. psm. has been 
deposited with the ATCC and bears the deposit accession 
number 67284. pKNK is a pBR322 based vector which 
contains a neon^cin phosphotransferase II (Nptll) 
prooioter fragment, a nopaline synthcise (NOS) promoter 
fragment, the coding region of Nptll and the 
polyadenylation region from the NOS gene. A nap of this 
plasmid is shown in Lin et al.^ Plant Physiol. 84: 
856-861 (1987) . The 320 bp Clal-Bglll fragment in pKHK 
that contains the Nptll promoter was obtained as a 
Hindill-Bglll fragment frbm the Nptll gene of the 
transposon TnS described by Beck et al.. Gene 19; 
327-336 (1982) . The Hindlll site was converted to a 
Clal. site by linker addition. The Nptll promoter 
fragment is followed by a 296 bp Sau3A-PstI NOS promoter 
(NOS/P) fragment corresponding to nucleotides -263 to 
+33, with respect to the transcription start site, of 
the NOS gene described by Depicker et al., .T. App i 
genet ■ 1; 561-574 (1982) . The PstI site at the 3' end 
was created at the translation initiation codon of the 
NOS gene. The NOS/E is followed by a 998 bp 
. Hindlll-BamHI sequence containing the Nptll coding 
region obtained from the transposon Tn5 (Beck et al., 
SSDS. 11: 327-336 (1982) 1 by th» creation of Hindlll and 
BaoHI sites at nucleotides 1540 and 2518, respectively. 
The Nptll coding region is then followed by a 702 bp 
BamHI-Clal fragment containing the 3 • end of the 
nopaline synthase gene including . nucleotides 848 to 1550 
(Depicker et al., J. Appi co^f>f i . 561-574 (1982) ] . 

The remainder of pKNK consists of pBR322 sequences frcm 
29 to 4361. 
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pKMK was converted to pK35K by removing the ll)ptIZ 
and NOS promoters and replacing them with a CaHV 35S 
promoter. The. EcoRI-HindTII 35S promoter fragment is. 
the same as that contained in pUCSSk which has been 
5 deposited with the ATCC and bears the deposit accession 
number 67285. . The 35S proinbter fragment was prepared. as 
follows, and as described in Odjell et al., Nattir^ 313 ; 

810-813 (1985) except that the 3' end of the fragment 
includes CaMV sequences to -^21 with respect to the 

10 transcription stcurt; site. A 1.15 kb Bglil segment of 
the . CaHV genome containing- the region between -941 and . 
^-208 relative to the 35S transcription start site was 
cloned in the BamHI site of the plasmid pUC13 . This 
plasmid was linearized at the Sail site in the 

15 poly linker located 3* to the CaMV fragment and the 3» 
end of the fragment was shortened by digestion, with 
nuclease Bal31. Following the addition of Hindlll 
linkers, the plasmid DKA was recircularized. From 
nucleotide sequence analysis of the isolated clones, a 

20 3' deletion fragment was selected with the HindlZI 
linker positioned at +21. To create pK35K this 35S 
promoter fragment was isolated as an EcoRI-Hindlll 
fragment, the EcoRI site coming from the poly linker of 
pnci3r iand ligated to pKNK that had been digested with 

25 EcoRI and HindllX, the EcoRI site lying 5* to the Clal 
site in pBR322. 

pK35K was converted to pKSSCAT by dropping out the 
Nptll cpding region and replacing it with the coding 
region of chloran^henicol acetyl transferase (CAT) as 

30 mapped and described in Lin et- al.. Plant Physiol . fl4 ; 

856-861 (1987). The CAT coding region was obtained as a 
975 bp Sau3A fragment from pBR325. The ends were filled 
in and the fragment was ligated into a filled in Sail 
site of pG£M2. A clone, pGCAT9, was selected that 
35 contains the insert oriented such that the Hindlll and 
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BanHI sites of the polylinker are located 5» and 3* to 
the CAS codlngr region, respectively. The CM" coding 
region was isolated from this clone by Hindill and BanHI 
digestion, and ligated into Hindlll and BanHI digested 
5 PK35K. The resultant construction, termed pK35CaT, also 
contains the NOS 3* fragment which remains unaltered in 
the conversion of pKNK to pK35K, and finally to pK35CaT. 

The entire era gene was originally obtained from the 
genome of bacteriophage PI on an EcoRI fragment as 
10 described by Sternberg and Hamilton, i_|fcl_Eifll^.a5fl: 
467-486 {1981). The £££ coding, region, was prepared as 
an XhoI-EcORI fragment in plasmid pRH103A6 as described 
by Sternberg et al., J. Mr>i xn^^y ^ 2£Li 197-212 (1986) . 
The Xhol site was added as a linker following Bal31 
15 deletion of the sequence 5 • to the era coding region, 
resulting in the placement of the Xhol site 
approximately 50 bp 5' to the translation initiation 
MG. The EcoRI site was added as a linlcer following 
Bal31 deletion of the sequence 3* to the £jca coding 
region, resulting in the placement of the EcoRI site 
approximately 100 bp 3 • to the translation stop codon. 
The 3* EcoRI site was then replaced with a Sail site 
generating pBS7 as described in Sauer, Mol . «n/< m ^ 
Moi^ 2: 2087-2096 (1987) so that the era coding region 
25 could be isolated as a Xhol-Sall fragment. This ere 
coding fragment is the same as that present in plasmid 
pBS39 which has been deposited with the ATCC and bears 
deposit accession number 53255. The Xhol-Sall gr«» 
coding region fragment was isolated, Hindlll linkers 
were added to the ends, and it was ligated with Hindlll 
digested pK35CaT, generating pK35CreCAT. This plasmid 
contains a chimeric 35S/P -cre- CAT~wn«; 3« gene. 

To construct Cre/Hpt-A, pK35CAT was digested with 
BamHI, the end was partially filled with dGTP and dATP 
35 according to the method of Hung, and Wensink, Mtiri ao<HQ 
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\Bfi&^12: 1863-1874 (1984) and then it was digested with. . 

Hindlll to remove the CAT coding region.^ The Hindlll- 
Sail OKA fragment containiiig the iir^ coding region was 
isolated from pK35CreCAT, whose construction is 
5 described in the previous paragraph^ and the Sail site;.. 
. was partially filled with dCTP and dTTP during its 
preparation. This era coding region fragment was then 
ligated into the prepared vector derived from pK3SCAT 
, creating the plasmid pK35Cre which contains a chimeric 
.10 3SS promoter-££fi, coding region-HOS 3* gene. 

EXAMPLE 2 

Next a Clal-Sall fragment containing a chimeric 
NOS/P-Hpt-NOS 3* gene (Hpt»hygromycin 
phosphotransferase) and the NptI gene (neomycin 
15 phosphotransferase I) was isolated from pA6S122 which is 
analogous to pAGS120 .that is described in van den Elzen 

et al.. Plant- Mnl^^rnlar Rintngy. fi; 299-302 (1985). A 

Sail linker was added to the Clal end of the fragment 
and it was ligated into Sail digested pK35Cre creating 

20 the plasmid Cre/Hpt*A which is shown in Figure lA. 

The boxes represent the chimeric 35S/P-iicft;-NOS 3' 
and NOS/P-Hpt-NOS 3* chimeric genes. The arrrows 
represent the transcripts esqpressed by these chimeric 
genes. The NptI gene is derived from Tn903. These 

25 genes are incorporated in a pBR322 vector. 

The starting material for constscuction of Cre/flpt-B 
was the plasmid pDH51 that was described by Pietrzak et 
al., Kurlfiir Acids Research, 2±: 5857-5868 (1986). This 

30 plasmid contains a CaMV 35S promoter including sequences 
between 6909 and 7437 of the CaMV genome and a CaHV 
polyadenylation nucleotide sequence including sequences 
between 7439 and 7632, separated by several restriction 
enzyme sites, including Xbal. The CaMV promoter 

35 fragment in pOHSl was prepared by adding an EcoRI linker 
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5» to the Ncol site at 6i909 of the CaMV. genome and a 
Kpnl linker at the ^hl site at 7437. The 
polyadenylation region fragment was prepared by. adding 
an Sphl linker at the HphI site at 7439 and a Hindlll 
linker following KIml, SstI, and EcoRl sites that had 
been added onto position 7632 during a cloning step in 
P0C18. Both of these fragments were cloned into pUC18 
using the restriction sites located on their ends to 
generate pDH51. In the resulting plasmid, Ec«jri sites ■ 
are located on either end outside of the CaMV promoter 
and 3* region. pDH51 was digested with Xbal aid the ' 
ends were partially filled with dCTP and dTTP . The 
Hindlll DNA fragment containing the laca coding region 
was isolated f rem pk35GreCAT and the ends were partially 
filled. with dATP.and dGTP, then ligated into the 
prepared PDH51 vector. To identify a plasmid with the 
Hindlll fita fragment in the proper orientation for 
expression, a Sail digest was done. The desired plasmid 
was digested with Sail since the Sail site at the 3« end 
of the era fragment is adjacent to the Sail site at the 
5- end of the CaMV 3' region. A BamHl digest confirmed 
the correct orientation: a 430 bp fragment between the 
BamHl site at the 3 » end of the 35S/P region and a BamHI 
site within the fira coding region was present. The 
25 resulting pDHSlCre plasmid contains a chimeric 35S 
promoter-TCXa coding region-CaM7 3' gene. 

EXAMPT.B ^ 

Next the entire chimeric gene was cloned into 
PJJ2644, which is a binary vector for AQrnh;,^^o^^\^^ ^ 
0 tumftfnrlfn-i transformation that carries a chimeric 

IVP-Hpt-NOS 3" gene, a tetracycline resistance gene, a 
broad host range origin of replication, and T-DMA 
borders. pjj2644 has been deposited with the Atcc and 
bears deposit accession number 68178 and was constructed 
5 as follows. The broad host range plasmid pRk290 that 
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was described by Ditta et al., Pi-<^o.. wafri A<»art g^f 
USA 21: 7347-7351 (1980) served as the basic vector. 
This plasmid was cut with EcoRI^ the ends filled, and it 
was ligatiBd to an end site filled EcoRI-Hindlll fragment 
5 isolated from pAGSlll cxeating jpJJlSSl . The fragment 
from pAGSllI contains . the left and right border 

fragments from the Aqrobar^Ar^nm ttimefagi<>nfi T-DNA 

located on either side of a chimeric Nptll gene and its 
construction is described in van den Elzeh et al.. Plant 
10 Molec, Biol,. 5,1 149-154 (1985) • The Clal-BamHI chimeric 
Nptll gene fragment was replaced with the Clal-BamHI 
f raginent . f rem pBR322, thereby adding a Hindlll site. To 
create pJJ2S01 a fiindlll-Clal fragment was added that 
contains a (bhimeric 1 • /P-Hpt-MOS 3* gene consisting of 
is the 1* promoter described by Velten et al., bmro .t 

12: 2723-2730 (1984), the Hpt coding region described by 
van den Elzen et al.. Plant Mn1f>c. Eilnl . . 299-302 
(i98i5), from which the ATG sequence located just 5* to 
the translation initiation ATG had been removed, and the 
20 NOS 3' region « Next the Xhol site located outside of 
the T-DNA borders was deleted. Between the BamHI and 
Hpal sites ^ located 3' to the chimeric Hpt gene, a 
linker, including sites for BamHI, Xbal, Hindlll, Xhol, 
EcoRI, and Hpal, was added creating pJJ2644. 
25 This vector was digested with Hindlll and ligated to 

the Hindlll linkered EcoRI fragment from pDHSlCre 
containing the chimeric ere gene. The resulting plasmid 
. is Cre/^t-B «^€^ is shown in Figure IB. The boxes 
represent the. chimeric 35S/P -crg^ aMV 3» and IVP-Hpt- 
30 NOS 3« genes. The T-DNA left and right borders are 
marked as filled boxes. The slashes indicate 
tmrepresented sequences of the binary vector PJJ2644, 
which includes a tetracycline resistance gene (tet) • 

A plasmid used as a control is called -/Hpt-B and is 
35 the pJJ2644 vector with no chimeric grf> gene added. 
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for intpgrafrinn and anal yc<., 4n plar,^- rpT]^ 

EyAMPT-B t; 

The starting material for construction of f 
IQJJE/Nptll/Hra wais the plasmid pBS69 containing two luxE . 
sites which is described by Sauer and Henderson, N«ri«><A s 
Afiida-ieafiarch, 12: 147-16.1 (1989). The loXE site was 

the bacteripphage.pl genome oh 
a BainHl f ragment cloned in pBR322 as described by - 

Mjremski et al.. Cell 32: 1301-1311 (1983)^^ This 
reference also describes construction of an 80 bp 
EcoRI-Hindlll fragment containing Iq^p made by adding an 

EcoRl linker to the ticll site and a Hlndlll linker to 
the Pvull site, located on either side of Iqvp a 50 bp' 

BajnHi-xhoi fragment containing iftvP was made by deleting 
in from the Bell site with Bal31 and adding a BamHI 
linker 10 bp, from IqjjE, and deleting in from the PvuII 
site and adding an Xhol linker 6 bp from IqxE. The 80 
bp EcoRl-Hlndlir fragment containing lojtE was ligated 
between the EcoRl and Hindlll sites in the pBR322 
plasmid containing the 50 bp IqjcE fragment resulting in 
the plasmid pRH42 that has two lazE sites oriented in 
the same direction. A derivative of this plasmid called 
25 PRH43 having the Kptll gene from TnS between . the lazE. 
sites is also described. A derivative of pRH43 called 
PRH499 that has the Leu2 gene of yeast between the InrP 
sites , is described and a map shown in Sauer, Moi . anH 
^g^^ - ^^^1 ■ 1' 2087-2096 (1987) . As described in this 
reference, the Hlndlll site adjacent to the 80 bp lax 
site was deleted generating pBS30. pBS30 carries the * 
same EcoRI-XhoI fragment containing two directly 
oriented laXB. sites thit is present in pBS44 which has « 
been deposited with the ATCC and bears deposit accession. 
35 number 53254. As described in Sauer and Henderson 
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ruaci. Ar^Vrfg Pi>« . 17. 147-161 (1989)] pBS69 was 

generated from pBS30 by replacing the 80^ bp Hindlll-Sall 
fragment' containing the InxP site with the 50 bp 
Hindlll-Xhpl f ragment containing the . loyp site . This 
5 was done to remove extra sequence in the 80 bp fragment 
that contained ATG translation initiation codons. Thus 
pBS69 has two directly oriented SO bp IqxP containing . 
fragments surrounding a yeast Leu2 gene . 

^art of the LeuS gene was removed using the EcoRI 
lb site located within the Leu2 gene and the BamHI site 
adjacent to one loxP site, and replaced with a ' 

polyadenylation nucleotide sequence (polyA) derived from 
the tobacco Rubisco small subunit gene described by 
Marur and Chui f Nuclei n Agjrfg PAgAaT><^>^^ j^. 2373-2386 

15 (1985) I . This reference describes the cloning and 
sequencing of this gene. The BamHI-Xbal fragment 
containing the sequence region between 1905 and 2289 was 
isolated, the Xbal site being filled in during its 
preparation. pBS69 was digested with EcoRI, the end 

20 filled in, then digested with BamHI. The ligation of 
these two DNAs resulted in the plasmid pBS69polyA. 

EXAMPT.K a 

Next an Xhol-Hindlll fragment containing the 
25 iQxP-polyA-lQze, region was isolated and a Hindlll linker 
was added to the XhoI.end. This fragment was ligated 
into Hindi II digested pKNK. The construction of pKNK 
was described in £xaiq>le 1 and it contains the NOS 
promoter joined to the Nptll coding region by a Hindlll 
30 site resulting in a. chimeric gene which confers 

kanamycin resistance to plant cells. The orientation of. 
the iQxP-polyA-lQxP Hindlll insert was determined by. 
digestion with BamHI. The plasmid with the Hindlll 
fragment inserted such that the polyA site has tl^e same - 
35 orientation as the NOS/P and the Kptll coding region was 
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called pKHKloxA. it was anticli>ated that the 
. polyadenylation nucleotide sequence located between the 
NOS/P and jiptll coding region would block production of 
a viable Nptll transcript thereby causing transformed 
5 cells to retain their kanaoycin sensitivity. 

Next , a Pstl fragifent that Contains the Hra 
(sulfonylurea resistant acetolactate synthase) gene 
derived f rom pALS032BV that is described by Lee et al 
l EMBn iT , 2; 1241-1248 (1988)1, and also contains a * 
0 Hindlll fragment with a strepton^cin/^ectinomycin- 
resistahce gene derived from the RlOO.l plasmid and 
d^crlbed by Prentki and Krisch, G^^n^, 21; 303-313 
(1984) was added. This fragment was constructed by 
adding sail linkers to the Hindlll ends of the isolated 
strep/spec fragment and ligating it into the Sail site 
adjacent to the Hra gene in pM.S032BV. ihe Pstl 
fragment was then isolated, the ends filled in, and it 
was ligated into Sail digested and filled pKNKloxA. The 
resulting plasmid called l£U£E/NptII/Hra is shown in - 
Figure IC. 

In Figure IC, the open boxes represent the chimeric 
NOS/P^Nptll-MOS 3. gene that is interrupted between the 
promoter and coding region by a Rubisco smaU subunit 
gene polyadenylation region, shown as the stipled box, 
which is surrounded by two laS, sites, represented by 
arrows showing that the Ifljtfi sites , are in the same 
orientation. The asterisk marks the polyadenylation 
site. The plasmid includes the sulfonylurea-resistant 
M.S gene called Hra and the streptomycin and 
spectinomycln resistance marker. Incorporated in a 
PBR322 vector. . The orientation of the Pstl insert was 
not determined. 
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r Tranfi formation of l^ohafff^o w4l-h 1:he 

ere coding rftffinn 

. . The chimeric 35S/F^re-NOS 3* gene, described in. 
Examples 1 and 2, %ias ■ introduced into tobacco by 

5 AarQbaet^rimn f^mnefaeiens infection o£ tObacCO leaf ■ 

• - . - ■ 

. disks. Primary transfomants. were analyzed to 
demonstrate the presence of the ere coding region and . 
. e^^ression of the £r& inRNA in tobacco cells as veil as. 
expriession of the linked fipt gene which confers 
10 hygrosiycin resistance. 

' The. j>lasmid Cre/I^**A was transferred into . 
2u tuTnefariens by a method involving a three-way mating 
thait was essentially as described by Fraley et al. 
rProc. Natl. Arad. grl. HSA, flO; 4803-4807 (1983)] 

IS .except for the following points. Cre/Hpt-A was mated 
into Agrobacterimn sfcrain Gy3fl5Q that was described by . 

Zambryski et al. fT. of MoT . anri Appl . Genf>t-^ns^ X: 3fil- 

370 (1982) ]• Colonies from the Cre/Hpt-A mating were 
selected on LB plates containing 100 |tg/ml rifampicin 
20 and 25 fig/ml kanamycin. Selected colonies were 

confirmed as cointegrates of the Cre/Hpt-A plasmid into 
the Ti plasmid by Southern blot analyses. 

Standard aseptic techniques for the manipulation of 
sterile media and axenic plant/bacterial cultures were 
25 followed, including the use of a laminar flow hood for 
all transfers. Potted tobacco plants for leaf disk 
' infections were grown in a growth chamber maintained for 
a 14 hr, 24^C day, 10 hr, 20'^C night cycle, with 
approximately 80% relative humidity, under mixed cool 
30 . white fluorescent and incandescent lights. Tobacco leaf 
' disk infection was carried out essentially by the method 
of Horsch et al. [jSfiisnc& 222/ 1229-1231 (1985)], 
omitting nurse cultureis, as described below. 

Healthy young tobacco leaves were harvested, surface 
35 sterilized, and rinsed as described in Materials and 
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Methods. Leaf disks, 8 xnni in diameter, were prepared 
from irfiole .leaves using a sterile paper punch. 

Leaf disks were inoculated by submerging them for 
several minutes in 20 ml of a 1:20 dilution of the 
overnight culture of Agijahaiifiri^ harboring the 
cointegrate Gre/fipt-A Ti plaismid. The culture was 
started by inoculating 5 mis of YEB broth (Table 1) with 
^a single bacterial colony. The culture was grown for 
approximately 17-20 hours in 18 mm glass culture tubes 
in a New Brunswick platforni shaker maintained at 28**G. 
After inoculation, the leaf disks were placed on 
, .INIB agar medium (Table 2) in petri dishes whiiih were 
then sealed with parafilm. The petri dishes were 
incubated under mixed fluorescent and ••Grp and Sho" 
plant lights (General Electric) for 2-3 days in a 
culture room maintained at approximately 2S^C. 

To rid the leaf disks of AcrrQbari>Ai-4 and to select 
for the growth of ^transformed tobacco cells, the leaf 
disks were transferred to fresh .INlB medium containing 
500 mg/L cefotaxime and 10-20 mg/1 hygromycin. 
Cefotaxime was kept as a frozen 200 mg/ml stock solution 
and added aseptically (filter sterilized through a 0.45 
pro filter) to the media after autoclaving. A fresh 
hygromycin stock (20 mg/ml) was made for each use and 
was filter sterilized into the autoclaved media. Leaf 
disks were incubated under the growth conditions 
described above for 3 weeks and then transferred to 
fresh media of the saii^ coi^>osition. 

Approximately 1 month later, shoots developing on 
hygromycin-containing medium were excised with a sterile 
scalpel and planted in MX" medium containing 200 mg/L 
cefotaxime and 10 mg/L hygron^cin. Root formation was 
recorded within 3 weeks . ' 

Leaves were removed from the rooted excised shoots 
to determine levels of resistance to hygromycin in a 
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callus Induction assay on selective media* To induce 
callus format ion, leaves were excised a^d leaf disks , 
8 mm in diameter, were made using a . sterile paper punch 
and planted on callus induction medium containing 20 and 
5 50 mg/1 hygromycin. Callus growth on selective and non- 
selective media was recorded . within 3 weeks. 

The results shown in Table 3 . indicate that 
transformation of tobacco had been achieved with 
- aaxsjfaactfiriJM harboring the Cre/?pt-A Ti plasmid, based 

10 on production of hygromycin resistant Callus. All ten 
transformants tested were resistant to hygromycin. 
Primary transformants were analyzed by molecular 
techxiiques to verify the presence of the £ra mRNA 
sequences. Seven independent tobacco plants transformed 

.15 with Cre/Hpt-A were assayed for expression of the 
. chimeric f?T-e gene by Northern blots as described in 
Materials and Methods. The probe used to hybridize to 
the filter containing the RMA prepared from each plant 
was a BamHI-Clal DNA fragment that was isolated from the 

20 pK35K or pKNK plasmid, which are both described in 
Example 1. This fragment contains the NOS 
polyadenylation nucleotide sequence which includes a 
region of untranslated transcribed sequence. Since both. 
, the 35S/P-Cre-NQS 3 • and NOS/P-Hpt-NOS 3 • genes have 

25 homology ta this probe, the transcript from each gene is 
detected in this e^eriment. The expected 2.0 Icb 
transcript from the ere gene and. the expected 1.5 kb 
transcript from the Hpt gene were detected on the 
Northern filter. All of the plants assayed, except for 

30 one, produced a detectable level of Ore . transcript 

indicating the presence and egression of the chimeric 
fTTTft gene in the plant cells . 

Plants exhibiting hygromycin resistance were 
transferred to soil and gro%m to maturity in a growth 

35 chamber as described above. Individual inflorescences 
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were covered with bags to permit self-fertilization 
without cross-polliiiation. Mature seed^ were, harvested 
and progeny tests were . conducted to determine the 
inheritance of the Introduced Cre/^t Dia. Inheritance 
.5 ...lias iKinltored by following t:he hygronQ^cin-' resistance ; 
..trait. " ■' 

Seed %ras surface sterilized for 30 minutes in 10% 
commercial . bleach and 1% SDS with intermittent mixing, . 
rinsed 3-5 times, with sterile deionized water, dried, . 

10 and planted on H3r* .mediisa in the presence or\ absence of 
50 mg/1 hygronycin^ Sensitive seeds germinated, but did 
not develop further. A segregation ratio of 3 resistant 
progeny to 1 sensitive indicated the presence of a 
single site of integration of the hygrontycih resistance 

15 gene into the genome of the transformant, which was then 
:Stably inherited by its progeny. This was seen in seven 
out of eight independent transformant s tested. The 
eighth transformant. exhibited a ratio which was greater 
than 3:1, indicating the presence of more than one 

20 integration site. 
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TMLE 3 

rallns Crnw^^ on Hvqrninyfiin 
ID WEIGHT IN CaiMfe 

Hygron/cln Concentration 









9.02 


4.55 


3.36 


5 

• 




U2a 


8,88 


. 2.34 


2.43 


- 


• 


U2b 


7,72 


. 3.77 . 


2.88 






U2c 


3.69 


1.32 


rib 0 ' 

0.65 




Cl= 


tI3ai 


4 .43 


2.42; 


1.28 

• - 




C2= 


a3bl 


8^32 


3.63 


2 i 02 


10 




04al 


.6.21 


2.52 . 


1.15 




C3- 


D4b 


5.80 


2 . 94 


2.82 






US 


4,23 


3.28 


2.49 






06al 


5.79 


2.16 


2.00 




C4= 


n6b 


.5.52 


2,40 


1.42 


15 




n6c 


11.37 


2.56 


2.10 




C5= 


07a 


8.41 


2.78 


2.16 






D7b 


5.22 


4.66 


4.23 






U7c 


8.52 


3.38 


2.88 






U8 


4.38 * 


5.15 


2i09 


2b 




KT 


3.55 


0.68 


0.36 



1 Weight in grams is the average of results from two callus 
induction assays done with the same transf ormant. . 

25 n- PrQdi3f!t:iQn of plant n^llR and plants 

w4th two 1nyT> fiif^fi 4nf^yra1-i*d ^nto th<> yf>noin<> 

The Ji22£*polyA-lfi2£ DKA sequence described in 
Examples .5 and 6 was introduced into tobacco by 

yVqrynHant<»riiim fnm^f aniens infection Of tObaCCO leaf 

30 disks as described in Materials and Methods • Primary 
transformants were analyzed to demonstrate the presence 
of the inxP- polyA DHA sequence in the tobacco cells as 
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well as expression of the lizUced Hra gene idiich confers 
resistanc:e to ch lorsulf uron . 

The plasmid JxisE/Nptll/Hra was transferred into 
^ jaanfif aclehs by a method Involving a three-way mating 
5 that was essentially as described by.Fraley et .al.. 

fProg/Wafl. AraH <^rA . USA. 4803-4807 {1983)J . 

except for the following points. IifixE/Nptll/Hra was 
mated into Aorobact^rimn strain GV38S0 that was 
described by Zambryski et al. f J. of Mol . and Appl . 
. 10 Genetics, X: 361-370 (1982) ] • Colonies from the : . 
IQXR/Nptll/Hra mating were selected oh 100 ytg/ml 
rifaxopicin and 100 ftg/ml each of spectinomycin^ and 
streptpmycin. Selected colonies were confirmed as 
cbintegrates of the loxE/Nptll/Hra plasmid into the Ti 
IS plasmid by Southern blot analyjses. 

Tobacco leaf disks were obtained, inoculated with 

. plasmid, and inciibated on . IMIB as described in 
Materials and Methods • 

20 To rid the leaif disks of Agrobagt!eriiim anrf to select 

for the growth of transformed tobacco cells, the leaf 
disks were transferred to fresh .INIB medium containing 
500 mg/1 cefotaxime emd 20'"200 ppb chlorsulfuron. 
Cefotaxime was kept as a frozen 200 mg/ml stock solution 

25 and added aseptically (filter sterilized through a 0.45 
|im filter) to the media after autoclaving. A fresh 
chlorsttlfuron stock was prepared for each use by first, 
making a 0.2 mg/ml solution in 0.01 H NH4OH, which was 
then diluted 1:10 with deionized water, and filter 

30 sterilized into the autoclaved media. Leaf disks were 
incubated under the growth conditions described above 
for .3 weeks and then transferred to fresh media of the 
same contposition . 

Approximately 1 month later, shoots developing on 

35 medium containing 20-50 ppb chlorsulfuron were excised 
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with a sterile scalpel and planted in MX* mediiiih 
containing 200 mg/l cefotaxime and 20 mg/l 
dxlorsulfuron. Root formation was recorded within 3 
weeks. 

5 Leaves were removed from the rooted excised shoots 

to determine levels of resistance to chlorsulfuron and 
kanamycin in a callus induction assay on jselective 
media. To induce callus formation, leaves were excised 
and leaf disks, 8 mm in diameter, were made using a 

10 sterile paper punch and planted on callus induction . 

medium containing 5/ 10, or 20 ppb chlorsulfuron and. on . 
callus induction medium containing 100 mg/l kanamycin. 
Callus growth on selective and non-selective media laas 
recorded at 3 weeks . Twenty^one independent 

15 transformants. tested were resistant to chlorsulfuron. _ 
All but one retained sensitivity to kanamycin. 

The results shown in Table 4 indicate that 

/ 

transformation of tobacco had been achieved with the 
?^grobacterium harboring the loxE/Nptll/Hra Ti plasmid 

20 based on production of chlorsulfuron resistant callus. 
Since the cells generally remain kanamycin sensitive, 
these data also suggest that no viable transcript 
containing the Nptll sequence is produced. Nine 
independent tobacco plants transformed with 

25 JLoxE/Nptll/Hra were assayed for the presence of the 

IfiZE-polyA DNA region by Southern blots as described in 
Materials and Methods. The probe used to hybridize to 
the filter containing BamHI digested DNA prepared from 
each plant was a Hindlll-BamHI DNA fragment that was 

30 isolated from the pK35K plasmid. This fragment contains 
the coding region for M|>tII and is shown in the diagram 
in Figure 2B. In DNA of each of the nine loxP. plants 
assayed the 2.4 kb BamHI fragment containing the 
polyadenylation nucleotide sequence and a loxP site, as 

35 diagrammed in Figure 2B, was detected as shown in Figure 
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2C lanes 1 and 6. None of the invP plants had the 
5;7 kb fragment shown in Figure 2B indicating that no 
exoision could be detected in these prijnary 
transf ozmants . . ' .- 

5 In Figure 2B, distances between the BainHI sites and 

between the ItixE sites in the original construction are 
shown above. Below is a map of the expected 
confirgiu^tion following recombination between Iqxp 
sites, with the loss of a BamHl site and resulting 
change in distance between remaining BamHI sites shown. 
The 2.4^kb .and 5.7 kb fragments marked in bold are those 
detected by the probe shown as a checkered box. 

Plants exhibiting chlorsulfuron resistance were 
transferred to soil and grown to maturity in a growth 
15 chamber as, described above. Individual inflorescences 
were covered with bags to permit self-fertilization 
without crdss-poHlnation. Mature seed^ were harvested 
and progeny tests were conducted to determine the 
inheritance of the inserted DN& fragments. Inheritance 
20 was monitored by following the linked chlorsulfuron 
resistance trait. 

Seed was surface sterilized for 30 minutes as 
described above, dried, and planted on WT medium in the 
presence or absence of chlorsulfuron or kanamycin. 
25 Kanainycin was. used to assay for the stability of the 

inactivated Nptll gene. Sensitive seeds germinated, but 
did not develop further, a segregation ratio of 3 
ichlorsulfuron resistant progeny to 1 sensitive indicated 
the presence of a single site of integration of the Hra 
gene in the genome of the transf ormant, which was then 
stably inherited by its progeny. . This was seen in 6 out 
of 20 independent transformants tested. Higher ratios 
of resistant to sensitive progeny, exhibited by 14 out 
of 20 of the transformants, indicated insertions at 
35 multiple positions in the genrane. For exan?>le, a 15/1 
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ratio indicates the presence of insertions at two 
unlinked loci and a 255/1 ratio indicates insertions at 
four unlinked loci in the transf ormants • 

5 TMLE 4 : 

Callus growth on Chlorsulfuron and Kanamycin 

ID WEIGHT IN GRAMS • 

No 10 ing/1 100 mg/1 

Selection rhinrsiiifMron Kanamycln 



1 n 

JLU 






C QQ 


* A 0^ 










fi Id 








T 0 


T Up 


H • XO 


Z « HX 


U •ZD 






Q9 


2.58 


5.78 


0.32 




L3 


= QIO 


6.09 . 


6.04 


0.42 


15 




Qll 


9.87 


10 . 19 


0.40 






Q12 


3.60 


4.13 


0.31 






Qi4 


7.57 


3.15 


0.36 




L4 


= Q15 


4.69 


13 .98 


0.27 






Q16 


3.98 


4.92 


0.36 


20 


L5 


= Q17 


4.92 


8.12 


0.38 






Q23 


5.75 


4.94 


0.33 






Q25 


8.32 


8.75 


0.31 






Q26 


5.30 


11.60 


1.10 






Q27 


5.33 


7 .38 


0.31 


25 


L6 


0 Q29 


13.28 


4.86 


0.41 






Q30 


6.48 


6 .52 


0.35 






. Q31 


7.66 


12.35 


0.31 






Q32 


14 .41 


7.62 


0.37 






wr 


15.48 


0.50 


0.90 



30 

. Re-transformation of loxP plant*; vifh 

the gre goding region 

The binary vector , plasmid Cre/fi|>t-Br described in 
Exan^le 4, was introduced into transgenic . tobacco 
35 plants, having two Iqxp sites already integrated in the 
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genome, by ttmof anyone Infection of tcdsacco leaf 
disks from l oxP prinazy transf ormants . Re-transformed 
plants were analyzed to demonstrate site-specific 
recombination at the loxP sites. 

The procedures described in Materials and Methods 
were followed, except healthy leaves were harvested from 
transgenic JxajE tobacco plants growing in Magenta GA7 
vessels (Magenta Corp., Chicago, IL, USA) . These plants 
were produced as in Section D. Leaf disks/ 8 mm in 
diameter, were prepared frcwn these axenic leaves using a 
sterile paper punch. To select for the growth of. 
transformed tobacco cells and to rid the leaf disks of 
Agrobflrtfrimn , a group of leaf disks were transferred to 
fresh . INIB medium containing 10-20 mg/L hygromycin and 
15 500 mg/1 cefotiaxime. To select for site-specific 

recombination at. the loxE sites in transformed tobacco 
cells and to rid the leaf disks of AarnbAr^A-r4«»^ 
another group of leaf disks %*ere transferred to fresh 
.INlB medium containing 100 mg/1 kanaarycin and 500 mg/1 
cefotaxime. Cefotaxime was kept as a frozen 200 mg/ml 
stock solution and added aseptically (filter sterilized 
. through a 0.45 |im filter) to the media after 
autoclaving. Fresh hygromycin stock (20 mg/ml) and 
kanamycin stock (50 mg/1) was made for each use and was 
25 filter sterilized into the autoclaved media. Leaf disks 
were incubated under the growth condition described 
above for 3 weeks and then transferred to fresh media of 
the same conposition. • .. 

AK>roximately 1 month later, shoots developing on 
hygromycin-containing medium were excised »d.th a sterile 
scalpel and planted in MX" medium containing 200 mg/1 
cefotaxime and 10 mg/1 hygromycin in Magenta GA7 
vessels. Shoots developing on kanamycin-containing 
misdium were excised with a sterile scalpel and planted 
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In MX" ibedium cbntainixig 200 mg/l cefotaxime and 
100 mg/l kanamycln in Magenta GA7 vessels. 

Leaves were removed from the rooted excised shoots 
to determine levels of resistance to hygromycin and 
5 kanamycin in a callus induction asisay on selective . 

media. To induce callus formation, leaves were excised 
and leaf disks, 8 mm in diameter, were made using a 
sterile paper punch and planted on callus induction 
medium containing 30 mg/l hygromycin and on 50 mg/l 

10 kanamycin. Callus growth was recorded "at 3 weeks. . 
The results shown in Figure 2 A indicate that 
Cre-mediated site-specific recombination of the IqxP 

^ sites in the tobacco genome had been achieved f pllowing 
re-transformation of the IqxE plants with the 

15 ^fp^r%Hani-Ai-iiim harboring the Cre/Hpt-B plasmid^ based on 
production of kanamycin resistant callus. Recombinatipn 
resulting in excision of the polyA site located between 
the NOS/P and l^tll coding region, allowed production of 
a viable Nptll transcript conferring kanamycin 

20 resistance to the cells . Only leaf disks from loxP 

plants re-transformed with the Cre/Hpt-B vector formed 
callus on medium containing kanamycin. Plants from the 
transformation of wild type tobacco, with either -/Hpt-B 
or with Cre/fipt-B, were all kanamycin sensitive. Three 

25 loxP re-transformants from the -/^t-B inoculation were 
also kemamycin sensitive. 

In Figure 2A, each bar represents the total weight 
of five leaf disks grown on callus induction medium 
(Table 2) containing 50 mg/l kanamycin. Weight includes 

30 that of the original leaf disks, which account for 
^weights up to 0.4 grams. Disks were taken from 
hygromycin selected plants resulting from re- 
transformation of iQxP plants; LI and L2 or 
untransforroed tobacco plants: WT, with either the 

35 gene: Cre /Hpt-B vector (i.e., L1*C/H or L2*C/H), or 
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without the ££&.gene: -/Hpt-B vector (i.e./ Li*-/H or 
L2*-/H) . All plants exhibited growth on hygromycin. 

Plants resulting from re-transformation of loxR 
plant tissue with Gre/^t-B were analyzed by Southern 
- 5 blots to detect recombination , The same l^tll fragment 
probe described in Section D. was hybridized to filters ; 
containing BamHX digested DNA isolated from 
re-transf ormants . Of the five IfitzE*Cre re*transformant 
plant DU2LS analyzed, one retained the 2.4 kb fragment 
10 . detected in }nycP primary trauisformants and in the. other 
four a. new 5.7 kb fragment was detected, as shovn in 
Figure 2C lanes 4, 8, 9 and 10. In this figure^ lanes 
contain approximately 10 )ig of BamHX digested DNA from 
the same plants described in (A) ^ in the same order, 
.15 except that lanes 1 and 6 contain additional . seniles 
from the original LI and L2 plants, respectively. 
Positions of the 2.4 Icb and 5.7 kb bands detected with 
the Mptll probe, as described in (b), are marked. The 
absence of the 2 . 4 kb f rkgment and the presence of the 
20 5.7 kb fragment in these re-trans formants indicated that 
recombination had occurred between the two iQzL sites as 
diagrammed in Figure 2B: excision results in the loss 
a BamEI site located between the two lozE sites so that 
the distance between adjacent BamHI sites is increased. 
25 The one l£uc£*Cre re-trcuisformant that retained the 2.4 
kb fragment, as shovn in Figure 2C lane 2, also retained 
sensitivity to kanamycin, as shown in Figure 2A, 
demonstrating consistency between the Southern blot 
analysis and the phenotypic response. DHAs from two 
30 control IqxP plants re-transformed with -/Hpt contained 
the 2.4 kb unrecoxhbined fragment as shotm in Figure 20 
lanes 3 and 7, indicating that recombination is 
dependent on the presence of Cre. The wild type control 
plant showed no hybridization to the probe ais shovn in 
35 Figure 2C lane 5. 
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loxP and Cre plants . 
A netliod. Utilized to prddoce excisional 
. 5 recombinatioD was to genetically, unite the Cre 

reconibinase with the 102£rpolyArl02£ DNA sequence, which 
is integrated in the plant genome, by sexual 
hybridization of Iq^p and Cre plants. In this example, 
primary transformants obtained by tobacco leaf disk 

10 transformation, as described in Sections C and D, were 

■ - ' • • • 

utilized. 

Primary transformants were transferred to soil and 
grown in a growth chamber maintained for a 14 hr^ 24^C 
day, 10 hr, 20^C night cycle, with approximately 80% 
15 relative humidity, under mixed cool white fluorescent 
and incandescent lights. Plants were grown to maturity 
and hand pollinations were performed using a slight 
modification of the procedure by Wemsman, E. A* and 

D. F. Matzinger fHybridi zat-4nn of Crnp Plant-s W. R. Fehr 

20 and H • H. Hadley, eds, pp 657-668 (1980)]. Briefly, 

flowers from Cre plants were selected on the day before 
anthesis; the corolla was split longitudinally, the 
anthers were removed, and the stigma was pollinated with 
pollen from flowers from Iq^p plants that were allowed 

25 to anthese either on the plant or overnight in a beaker 
of water. To prevent contaminating pollen from reaching 
the stigma, a 4 cm length of a cocktail stirrer, one end 
plugged with modelling clay, was slipped over the stigma 
and style and held in place by the corolla. Each flower 

30 was tagged. Capsules were allowed to grow to maturity 
and then harvested. 

The four ISQSL plants used in the crosses between 
. heterozygous parents had segregation ratios that suggest 
the presence of three or more independent loci. All of 

35 the Cre plants used had segregation ratios indicating 



wo 91/09957 .PCT/US90/07295 

.54 

. insertion of the gene at only one genetic locus. 
Since both the imeP and Cre parents were heterozygous, 
the seed produced from hand pollinations of loxE pollen 
onto, the stigmas of emasculated flowers from Cre plants 
5 could caurry none, both, or either one of the .foreign DHA 
insertions. Therefore, seeds resulting from cross 
pollinations were screened for the presence of the two 
marker genes and then assayed for kanamycin resistance: 
a manifestation of site-specific, recombination. To 

10 identify only those progeny from cross* pollinations that 
carried both markers 100 to 150 seed from each cross 
were fixst screened on chlorsulfuron in a germination 
assay. Then, shoot cuttings of seedlings resistant to 
chlorsulfuron were tested for root formation in medium 

15 containing hygromycin. Seeds from self -crossed Cre and 
IQXP, plants were used as controls at each step. Cre x 
Cre seed produced only bleached seedlings on 
chlorsulfuron, indicating herbicide sensitivity. None 
of the IQXP X lovP seedlings rooted on hygromycin. 

20 Selected seedlings that were resistant to both 

confounds, along with controls, were tested for 
kanamycin resistance using a callus growth assay. A 
total of 83 out of 90 seedlings (92%) from 8 crosses 
involving six different Cre and four different IqvP 

25 parents, were found to be resistant tp kanamycin. 
"Table 5 shows the number of seedlings that were 
^ kanamycin reisistant . f or each cross. In six of these 
crosses all of the plants tested were kanamycin - 
resistant (53/53). Progeny from two crosses yielded 

30 about 80% kanamycin resistant progeny (20/24 and 10/13) . 
All of the 6i3 seedlings tested from self-crosses of the 
IqxP. and Cre plants were sensitive to kanamycin. 
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Table 5 

Hiimber of Kanaistycin Resistant Progeny 
from Crosses Between Heterosjrsrous Cre and lojiE Parents 



10 



Cl*> 

C2 

C3 

C4 

CS 

C6 



0/9« 

0/9 

0/7 

0/9 

0/5 



0/5 
13/13 



1.1 



5/5 
2/2 



13/13 



J.5. 



0/5 0/5 



4/4 
20/24 

10/13 



16/16 



15 



a 13 _ 1,6 are independent heterozygous loxP transforaaats 

used as the pollen parent. 
1> Cl - CS are different heterozygous Cre transfonnants used 
20 as the female parent. 

c Muidder of progeigr exhibiting kanaogrcin resistance/number of 
progeny tested. Resistance was defined as ^ 0.5 grams 
caUus growth in at least 2 of the 3 leaves tested. 
Disks were tahen from leaves from the distal^ middle and 
25 proximal portionis of the plant to assay for resistance 
throughout the plant. 

Kanamycih resistant plants resulting from genetic 
crosses of heterozygous loxP plants and Cre plants were 

30 assayed by Southern blots to detect recombination, the 
same Nptll fragment probe described in Section D was 
hybridized to filters containing BamHI digested DNA 
isolated from progeny of laxE and Cre plants. Of the 
six progeny DMAs analyzed that were derived from four 

35 different crosses involving two loxF plants and four Cre 
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plants, all contained the. 5 .7 kb fragment and not the 
2.4 kb fragment. . DNA. of progeny that were controls 
resulting from self ing of JLosE plants retain the 2.4 kb 
•fragment denbnstrating that Cre is required for* 
5 teconibi nation.- pother prdbe was used to verify that 
the DNA located between the two Iq^p sites vas excised 
in the progeny of crosses . . The BamHi-XbaZ fragment 
containing the polyadenylat ion nucleotide sequence 
region of a tobapco Rubisco small subunit gene, that is 
10 described in Exanple 5 and diagrammed -in Figure IC,. was 
labeled and hybridized to the same filters, after 
washing to remove the first probe. The DMA of progeny ' 
of selfed loxP plants contained the 2.4 kb fragment 

indi c ating the presence of the polyA sequence while the. 
15 DNAs of progeny of Ore and Iqxp plant, crosses showed no 
hybridization to this probe confirming that excision had 
occurred. 

Therefore, both the phenotyplc and molecular 
evidence indicate that Cre mediated site-specific 
20 recombination has occurred in these hybrid tobacco 
seedlings, and the phenotyplc data suggests that 
recombination has occurred in 80% to 100% of the 
progeny. 

25 G, Sitft-specifir. r^.cnmhin^^inn in plani: nells 

' follQwina genetic CTosses of homozvgQwg 

loicP and Cre plants 

A method utilized to produce excisionaLL 
recombination was to genetically uiiite the Cre 
30 recombinase with the loxP- polyA ^lnyP DNA fragment, which 

is integrated in the plant genc»ne, by sexual 
hybridization of homozygous loxP and Cre plants. Cross 
pollination using homozygous parents insures the 
presence of both Iqxp and cre DlilA insertions in all 
35 progeny. Plants homozygous for the marker gene linked 
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r to l02£rpoiyA*JLfi2s£ ahd plants . hcanozygbtis for the oarlcer 

gene linked ^to f^i-^ were identified and utilized to 
produce site.f specific recoosbinatibn bet%feen two loxP 

sites. 

f 5 Nine transgenic tobacco plants which had the Hpt 

* marker gene and nre integrated at a single locus r as 
i measured by a 3:1 segregation of the hygromycin 

resistance in a seed germination assay, were chosen for . 
. further crosses. Rl seeds were -planted on tCC* medium 

10 containing 20-50 mg/1 hygron^cin to select . for plants 
containing the transferred hygromycin resistance gene.. 
Seedlings which were able to develop on the hygromycin- 
containing meditim were transferred to soil and allowed 
to grow to. lasiturity in the growth chamber maintained for 
. 15 a 14 hr, 24*C day, 10 hr, 20**C night cycle, with 

approximately 80% relative ^umidity, under mixed cool 
white fluorescent and incandescent lights. Bags were 
placed on individual inflorescences to permit self- 
fertilization. Seeds (R2) of several plants (Rl) 

20 derived from individual transformants (RO) were 

collected and subjected to segregation analysis by 
plating on MX" medium- containing 50 .mg/1 hygromycin. Rl 
plants which were heterozygous, would be expected to 
produce hygromycin resistant progeny with a ratio of. 

25 3:1. On the other hand, Rl plants which were homozygous 
would yield 100% hygrratycin resistant progeny after 
self-fertilization. Using this procedure, homozygous 
seed stocks of each of the chosen transformants were 
identified. 

30 Five transgenic tobacco plants which had the 

^ resistant ALS marker gene and XsxsSrpolyK-ilQXL integrated 

at a single locus, as measured by a- 3:1 segregation of 
^ chlorsulfuron resistance in a seed germination assay, 

were chosen for further crosses. Rl seed were planted 
35 on MX" medium containing 100-300 mg/1 chlorsulfuron to 
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select for plants containing the transferred 
chlorsulfuron resistance genes. Seedlings which w^e 
able to develop on the chlorsulfuron-containing medium 
were transferred to soil and allowed to grow to maturity 
5 in the growth chamber under conditions described ^ve. - 
As above ^ bags were placed on individual inflorescences 
to permit self-fertilization. Seeds (R2) of several . 
plants (Rl) derived from individual transformants (RO) 
were collected and subjected to segregation analysis by 

10 plating on MX- medium containing 300 mg/l chlorsulfuron . 
Rl plants which were heterozygous would be eaq>ected to 
produce chlorsulfuron resistant progeny with a ratio of 
3:1. On the other hand/ Rl plants which were homozygous 
would yield 100% chlorsulfuron resistant progeny after 

15 self --fertilization. Using this procedure, homozygous 
seed stocks of each of the chosen transformants were 
identified^ 

Pollen from one hoiwDzygous Ore plant , as well as 
from one WT plant r was used to pollinate three 

20 homozygous IqxE plants, each derived from an independent 
primary transformants. To ensure that the hybrid seeds 
carried both markers, seeds from Iq^p x Cre crosses were 
germinated on chlorsulfuron and hygromycin, separately 
and jointly. All of the germinated seedlings bore true 

25 leaves and roots, indicating 100% resistance to both 
selections. As expected, the progeny of a loxP x WT 

cross were all chlorsulfuron resistant but hygromycin 
sensitive. 

Hybrid JLoxE x Cre seeds from tfie. same stocks tested 
30 above were germinated and grown on MX* mediiim (Table 2} . 
Tissue from the first through third leaves was tested 
for growth on kananycin in a callus induction assay at 
.25 days after imbibition, and tissue from the fourth 
through sixth leaves was tested at 40 days after 
35 imbibition. The total weight of the leaf disks after * 



PCTAJS9«/0729S 

WO91/09957 

59 



three weeks of callus growth is shown In Figure 3. All 
seven X WT control progeny tested were sensitive to 

kanan^cin. Mbst of the 28 progeny from the homozygous 
ioxE. X Cre crosses were kanainycin resistant. In two 
5 crosses 100% of the progeny were kanamycin' resistant in 
at least 5 of 6 leaves tested (8/8 and 4/4, 
respectively) . Fourteen out of 16 progehy i^ another 
cross were resistant to kanamycin in at least four out 
of six leaves tested. The two plants which appeared to 
10 be kanamycin sensitive produced more callus than did the 
controls, but did not show the extent of callus growth 
associated with resistance (Figure 3). 

In Figure 3, C7, L7 and L8 are single locus 
hwnozygous plants that were derived from C3, LI and L2 
15 primary transformants, respectively. L9 is a homozygous 
OqxE plant derived, from a primary transfonnant not used 
in previous experiments. Each bar represents the weight 
of 4 leaf disks from an individual offspring, one from 
each of the first two leaves and two disks from the 
20 third leaf, after incubation on callus induction medium 
(Table 2) for three weeks. About 0.2 grams is 
contributed by the original leaf disks. The asterisks 
nark two progeny that exhibit kanamycin sensitivity. 
. To determine the number of hybrid progeny in which^ 
25 site-specific recombination had occurred, the first, 
second, and third leaves from 94 seedlings from one 
cross were tested for kanamycin resistance. Seventy one 
out of the 94 seedlings were kanamycin resistant in all 
three leaves tested, indicating that recombination had 
30 occurred early in development in 75% of the progeny. 

However, recombination seems also to have occurred later 
in development, in that 90% of the seedlings (85/94) 
exhibited resistance in the third leaf. To assess the 
incidence of spontaneous kanamycin resistance, 14 self 
35 crossed loxL and 13 self crossed Cre seedlings and 16 
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iQXP X nr progeny were tested in a callus induction 
assay; none were resistant. This reconfirms that the 
IqxP construction is stable through meiosis, . even whein 
the plant carrying it is sexually hybridized. 



H, Delation of a 5mlfnnyli3yAa-T>^<i<«:t:an1- ^4rf>f-olarTf . . 

synthase TALSl marker frn^ 3 
transgenic tobacco Uflino t-he In^Pwrre sysf^m 

10 A sulfonylurea (SO) resistance marker gene %ms . 

eliminated from transgenic tobaccp plants, leaving the 
ch i m eric (6US»p-glucuronidase) gene in the. 

genome. A plasmid was constructed containing a SU- 
resistant ALS gene located between directly oriented 

15 iQxR sites. The vector pTZlSR (Pharmacia, Inc., 

Piscataway, New Jersey) was digested with Hindlll and a 
synthetic oligonucleotide linker with a nonfunctional 
Hindlll end and Xhol, Sail, Bindlll and Asp718 sites was 
added. This plasmid %reis digested with Hindlll and 

20 ligated with the Hindlll fragment from pKNKloxA, 

described in Exanqple 6 that has directly oriented loxP 
sites on either end, creating pTZldx2 . The resulting 
plasmid was digested with Xbal, this site being located 
between the IqxP sites, and an Xbal fragment containing 

25 a chimeric SU-resistant ALS gene was added. .This 

chimeric SU-resistant ALS gene is present as an Xbal 
fragment in a pT2 vector called pMHP35. It contains the 
CaM7 353 promoter/Cab22L Bglll-Ncol fragment that is 
described by flarpster et al. rMol . o^n . rr^n^h ^12: 182- 

30 190 (1988)] and the Arabidopsis ALS coding and 3" 

regions, described by Mazur et al. f Plani^ Physini / 85*. * 

lilO-1117 (1987)], that was mutated so that it encodes a 
SU-resistant form of ALS. The mutations,, introduced by * 
site directed mutagenesis, are those present in the 
35 tobacco SU-resistant Hra gene described by Lee et al. 
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fRMRO .T. fi; 1241-1248 (1988)]. The resulting plasmid in 
which the SU-resistant ALS gene is between loxP sites 
was named pTZlpx2FA, Neact the entire I^iit-ALS-lQX 
. fragment was isolated following Sail and A^p7i8 
5 digest ibnr and cloned into the binary vector pZS94 that 
had been digested with the same enzymeis creating 
pZ41oxA. 

. pZS94 contains the origin of replication and 
anQ>icillin resistance gene from pBR322 for mai n tenance 
10 and selection in £• £fili. It contains the replication 
and stability regions of the p«s<=^nrinfnQnas aftruginpsa 
plasmid pVSlr described by Itoh et al. fPlasmld il= 206- 
220 (1984)], which are required for replication and 
maintenance of the plasmid in Ag^robact^-rinm. Also 

15 contained are a T-ONA left border fragiaent of the 

octoplne Ti plasxaid pTiA6 smd a right border fragment 
derived from TiAchS described by van den Eizen et al* 
fPiani" MolAf-. Biol , 5= 149-154 (1985)]. Between these 

borders are a LacZ gene and the unique restriction sites 
20 Bindlll, Sail, BamHI, Smal, Asp718, and EcoRI derived 

from pUC18. pZ41oxA was digested with Sail and a Sail 

fragment containing a chimeric 35S/P-GUS gene was added. 

This chimeric GUS gene contains the 35S promoter/Cab22L 

fragment described above, the GUS coding region 
25 available from Clonetech, and the Nos 3* region . . 

described in Example 1. The resulting plasmid was named 

pZ41oxAG and is shown in Figure 4-. 

In Figure 4, the pZS94 binary vector contains . a 

chimeric 35S/P-ALS gene that is bounded by directly 
30 oriented ?nxP sites, and a chimeric 35S/P-GDS-Nos 3 • 

gene* The l£22E sites are indicated by arrowheads. 

pZ41oxA6 was transferred into A. ^^^mf^-ff^nit^nfi LBA4404 

by direct DNA uptake following the procedure described 

In Plani- Mnl of^ilar Binlngy Manual, [SB Gelvin et al . , 

35 eds. Kluwer Academic Press PMAN-A3/7, (1988)]. The 
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presence of the biaary vector in A<rrohar!i>f>T><nTi| colonies 
selected on minA inedioin with sucrose (See Table 1) 
containing 100 |ig/ial carbenicillin vas verified by 
restriction digests of miniprep DNA. The resulting 
■ 5 Agrobacterium strain vas used to obtain, tobacco. « 
transf onoants' as described in Materials and Methods 
losing resistance to 25 ppb chlbrsulfiiron for selection d 
of transformants, as detailed below. 

I»eaf disks were inoculated by submerging th^p^ tor 

10 several minutets in 20 lol of a 1:20 dilution of the 
overnight culture of Aqrobaci-^T-^iini, The culture was 
started by inoculating 5 ml of YEP medium (Table* 8). 
containing 100 mg/1 carbenicillin with a single 
bacterial colony. The culture was grown for 

15 approximately 17-20 hoxirs in a glass, culture tube in a 
. New Brunswick platform shaker maintained at 28®C. 
^ After inoculation, the leaf disks were placed in 

petri dishes containing .IKIB agar medium (Table 2) and 
sealed with paraf ilm. The petri dishes were incubated 

20 under mixed fluorescent and "Gro and Sho" plant lights 
((General Electric) for 2-3 days in a culture room 
maintained at approximately 25'*C* 

To rid the leaf disks of Agrobagt^eritim and to select 
for the growth of transformed tobacco cells, the leaf 

25 disks were transferred to fresh .INIB medium containing 
500 mg/1 cefotaxime and 25 ppb chlorsulf uron . 
Cefota xi m e is kept as a frozen 200 mg/ml stock solution 
and added aseptically (filter sterilized through a 
0.45. jim filter) to the media after autoclaving. A 

30 frozen chlorsulf uron stock was prepared by first making 

a 0.2 mg/ml solution in 0.01 N MH4OH, which was then ^ 
- diluted 1:10 with deionized water, and filter sterilized 

into the aiitoclaved media. Leaf disks were inciabated 5 
under the growth condition described above for 18 days 



20 
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and then transferred to fresh media of the same 

cooqposltlon. 

Fifteen days later, shoots developing on medium 
containing 25 ppb chlorsulfuron were excised with a 
5 sterile scalpel jand planted in MX" medium containing 
500 mg/i cefotaxime and 25 ppb chlorsulfuron . Root 
f ormatibh wa^ recoinied within 2 weeks . 

Integration of an intact GOS/JLflxE/Hra DNA sequence 

in the plant ;genome was verified by a callus induction 
10 assiy for chlorsulfuron resistance and * GUS enzyme 

activity assay. A leaf piece/ approximately 0.2 cm? in 
size, irets removed from each of several selected rooted 
excised shoots to test f or 6US activity. Presence of 
' GUS activity was determined by grinding each leaf piece 
15 in a solution (Table 6) containing 1 mg/ml X-Gluc 
(5-brono-4-chloro^3-indolyi-p-gulcuronide) and 

incubating the tissues 1-16 hours at 37°C. The 
formation of a blue precipitate indicated the presence 
of GUS activity. 



25 0.2 M NaP04 buffer, pH 7.0 25.0 

(0.2 M Na2HP04: 62 ml 
0.2 M MaH2P04 : 38 ml) 

Deionized water -24.0 

0.1 M K3tre(C»)6l 0.25 

30 0.1 M K4lFe(CN)6] .3H20 0.25 

1.0 M NaaBDTA O-^O 

Leaves f ran five selected plants exhibiting GUS 
activity were removed from the rooted excised shoots to 
35 determine levels of resistance to chlorsulfuron in a 
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callus induction assay on selective media. To induce 
callus formation, leaves were excised and 10 leaf disks, 
8 mm in diameter. Were made using a sterile paper punch 
and were plated on callus induction medium containing 
, 5 25 ppb chlprsulfuron and 250 jlg/1 cefotaxime. Wild-type : ^ 
was used as a control. Leaf disks and the associated 
callus was weighed; all five transf ormants exhibited * 
resistance to chlorsulfuron as shown in Table 7. 

To test for excision of the ALS marker gene, the 

10 five chlorsulfuron-resistant independent transf ormants 
that exhibited CTS activity were re-transformed to 
introduce the era gene as follows . Healthy leaves were 
harvested from these five transgenic tobacco plants and 
a wild-type plant growing in Magenta GA7 vessels 

15 (Magenta Corp., Chicago, IL, USA). Leaf disks were 

prepared from these axenic leaves using a sterile paper 
punch, inoculated with Aarnh^r^^irU^^ harboring either 
the -/Hpt or . the Cre/Hpt-B plasmid (Exaii?>le 4), 
incubated for three days on .INIB, placed on .INIB 

20 medium containing 500 mg/1 cefotaxime and 30 mg/1 

hygromycin, and incubated 2 weeks • Leaf disks were then 
transf erred to fresh medium of the same conposit ion for 
two weeks, then transferred to MX- medium containing 500 
mg/1 cefotaxime and 30 mg/1 hygromycin for shoot 
,25 formation. As shoots appeared, they were excised from 
the leaf disk and placed in MX- medium containing 500 
mg/1 cefotaxime and 30 mg/i hygromycin. Shoots were 
taken from different leaf disks to ensure that they 
result from independent transformation events. Shoots 

30 which rooted were assayed for GUS activity using X-<31uc 

as described above. Sixty-three shoots tested had GDS i 
enzyme activity while three did not exhibit GUS 
activity. The parent p241oxAG plant of these three * 
retransf ormants appears to be chimeric for GUS 

35 e3q>ression. 
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Leaf disks were taken frcn each plant: and tested in 
a callus induction assay &s described above. Results 
are shown in Table 7« Ninety-one percent of all plants 
resulting from re-transformation with -^/Hpt remained 

. '5 xhlorsulfuron resistant,, as eiepected, since the Cre 

recombtnase. was not introduced, Hihetyrfive. percent of 
the plants resulting from re-transfpnaation of pZ4Lo3cAiiS 
plants with Cre/Hpt-B exhibited sensitivity to 
chiorsulfuron; only two out of 38 plants remained 

10 resistant to chiorsulfuron. These data indicate th^t 
the sulfonylurea-resistant MiS gene is no longer 
functioning in a majority of those plants which received 
the cre coding region, suggesting that it has been 
excised. by .£rfi.-ihediated recombination at InxP sites. 

15 To. verify that excision has occurred, DUA prepared 

from re-trans f ormant s was analyzed on Southern blots. 
. The DNA was digested with EcoRI before gel 
electrophoresis and transferred to filters. A DNA 
fragment consisting of the 35S promoter f^s prepared, 

20 radioactively labeled, and hybridized to the blotted 

plant DNA. A 6 kb band was detected in re-transformants 
that did not receive cre. . This band represents a DNA 
fragment extending from an EcoRI site located. 3* to the 
6US coding region to an EcoRI site located within the 

25 ALS coding region (see Figure 4} • It inclydes the GUS 
coding region, the 3SS promoter that regulates 
expression of GUS, the 35S promoter that regulates 
expression of ALS and a portion of the ALS coding 
region. A 3.2 kb band was detected in DNA from plants 

30 that received ere . This band represents a DNA fragment 
extending from the EcoRI site located 3' to the GUS 
coding region to an EcoRI site located just outside of 
the distal IqxP site. It includes the GUS coding region 

and the 353 promoter regulating GUS expression. The 
35 shift of the detected fragment size from 6 kb to 3.2 kb 
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verifies the excision of the MIA segment located between 
the IflxE sites, including the ALS coding region and the 
35S promoter that regulates its egression. 
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yes 
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4^ 


2 


0 


4 


KT 


no 


0 


1 







^ Resistant is defined as average weight per leaf disk ^ 
1.0 gram and sensitive is defined as average weight 
per leaf disk 5 0.2 grams. 

2 One of these transf ormants was resistant in oite 
experiment and sensitive in another e^qieriment. 



30 



EXAMPT.g P 




A siafonylurea (SU) resistance marker gene was 
eliminated from transgenic Arah<rtop«4« plants, leaving 
the chimeric 35S/P-G0S gene in the genome. Plasmid 
construction and transformation of Afflxdactetinin are 
described in Exanple 7. 
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Standard aseptic techniques for the manipulation of 
sterile media and axenic plant/bacterial cultures are 
followed, including the use of a laminar flow hood for 
all transfers . Conpositions of the culture media a^e 
5 listed in Table 8. Unless otherwise indicated, 25x100 
mm petri plates, sealed with filter tape (Carolina 
Biological Suppiy Co., Burlington, NO, were used for 
plant tissue cultures. Incubation of plant tissue 
cultures was at 23"^ under constant illumination with 
. 10 mixed fluorescent and "Gro and Sho" plant lights 
(General Electric) unless otherwise noted. 

The source of explants was in vitrQ grown roots of 
Ai-Pihirinpsis i-ha liana (L.) Heynh, geographic race 
Wassilewshija. Seeds were sterilized for 10 min in a 

15. soiution of 50% commercial bleach with 0.1% SDS, rinsed 
three to five times with sterile rater, dried thoroughly 
on sterile filter paper, and then 2-3 seeds were sown in 
50 ml liquid Gamborg^s BS medium (Gibco #560-1153) in 
250 ml Belco flaslcs. The flasks were capped, placed on 

20 a rotary shalcer at 70-80 a^m, and incubated for 3-4 
weeks. 

Prior to inoculation with ftgrohftfit.erium, root 
tissues were cultured on callus induction medium (MSKig, 
infra) • Roots were harvested by removing the root mass 
25 from the Belco flask, placing it in a petri dish, and 
using forceps, pulling small bundles of roots from the 
root mass and placing them on MSKig medium. Petri 
dishes were sealed with filter tape and incubated for 
four days. 

30 Cultures of ftgro^^^*"^!^™ cells containing the 

binary plasmid pZ41oxAG, as previously deiscribed, were 
grown in 5 ml of YEP medium containing 100 mg/1 
carbenicillin . Cultures of ftgrohac;te]:lum cells 
containing the binary plasmid Cre/Hpt-B (Exaii5>le 3) were 

35 gro%m in 5 ial of YEP medium containing 5 mg/1 
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t;etracyclijaie • Tlie cultures were grown for approximately 
17-20 hours In glass culture tubes in a New Brunswick 
platform shaker (225 xpm) maintained at *28^C. Pre* 
cultured roots were cut Into 0.5 cm segments and placed. 
. '5 in a 100 pid filter^ made^frbm a Tri-Pour beaker (VWR 

iScientific^ San; Francisco^ DSA.). and wire mesh, which 
is set in a petri dish. Root segments were inoculated 
fpr several minutes in 30-50 ml of a 1:20 dilution of 
the overnight Aarc^harrtf^r^ttm culture with periodic gentle 
. 10 mixing. , Inoculated roots were transferred to sterile 
. ^^^^^^ paper to draw off most of the liquid. Small 
bundles of roots, consisting of several root segments, . 
were placed on MSKig medium contiaining 100 jiM 
Acet osyringone ( 3 " , 5 • -Dimetho3^-4 • -hydroxyaceto-phenone, 
15 Aldrich Chemical Co., Milwaukee, WI, USA). Petri plates 
were sealed with parafilm or filter tape and incubated 
for two to three days . 

After infection, root segments were rinsed and 
transferred to shoot induction medium with antibiotics. 
20 as detailed below. Root bundles were placed in a lOO-imi 
filter unit (described above) and rinsjed with 30*50 ml 
. liquid MSKig medium. . The filter was vigorously shaken 
in the solution to help remove the Agrnhart-^T-liiinp 

transferred to a clean petri dish, and rinsed again. 

25 Roots were blotted on sterile filter paper and bundles 
of roots were placed on MSg (infra) medium containing 
500 mg/1 vancomycin and either' 25 pph chlorsulfuron 
(pZ41oxAG) or 15 mg/1 hygromycin (Cre/Hpt and -/Hpt) . 
Plates were sealed with filter tape and incubated for 12 

30 to 14 days. 

Green nodules and small shoot primordia were visible 
at about 2-3 weeks. The explants were either left 
intact or were broken into numerous pieces and placed on 
GM iaedium containing 200-300 mg/1 vancos^cin and either 
35 25 ppb chlorsulfuron (pZ41ox2VG) or 10 mg/1 hygromycin 



wo 91/09957 1*071690/07295 

69 

(Cre/Hpt and -•/Hpt) for further shoot development; 
Plates were either sealed with two pieces of tape, or 
with filter tape* As they developed, individual shoots 
' were isolated from the callus and were placed on MSRg 
5 . medium containing 100 mg/1 vancomycin and either 25 ppb 
chlorsulfuron (pZ41oxAG) ozf 10 mg/l hygronycin (Cre/Hpt 
and '-/Bpt) • Dishes were sealed as described above and 
incubated for seven to 10 days • Shoots were then 
transferred to GH medium contaixUJtig 100-^200 mg/1 

10 vancomycin in 25x100 petrl dishes or Magenta 67 vessels. 

* ■ 

Many primary transformants (Tl) which were transferred 
to individual containers set seed (T2) • 

T2 seed was harvested from selected putative 
transformants and sown on 6M medium, containing either 25 

15 ppb chlorsulfuron (pZ41ozAG) or 10-30 mg/1 hygromycin 
(Cre/Hpt and -/Hpt) • Plates were cold treated for 2 or 
more days at 4^C, and then incubated for 10 to 20 days 
at 23^C under constant illumination as described above. 
Seedlings were scored as resistant (green, true leaves 

20 develop) and sensitive (no true -leaves develop). 

Selected chlorsulfuron or hygrcnnycin resistant 72 
seecU.ings were transplanted to soil and were grown to 
maturity at 23*C daytime (14 hours) , 18*C nighttime (10 
hours), at 65-80% relative humidity, 

25 Genetic crosses of Cre/Hpt-B plants (hygromycin 

resistant) and pZ41oxAG plants (chlorsulfuron resistant) 
were performed and the resulting seed allowed to mature. 
. Seed %ias collected, sterilized, plated on GM (Table 8) 
containing 30 mg/1. hygromycin, and tissue from the . 

30 seedlings tested for GUS activity with X-gluc as 

previously described. Those seedlings exhibiting both 
hygroznycin resistance and (jUS; activity (indicating that 
they received both the ere gene and the IqxP . 

construction), were allowed to grow until stem tissue 
35 could be obtained for a callus induction assay. Stem 
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tissues were obtained from selected transformants and 
placed on MSKig medium with and without 25 iog/l 
chlorsulfuron. Callus growth wai recordfed within three 
weeks . pZ4LoxAG plants were allowed to self -pollinate, 
seed was collected, sterilized, plated on GM containing 
25 ppb chlorsulfuron, and used as controls (see Table 9 
for results). Sensitivity to chlorsulfuron in the 
majority of GUS positive seedlings resulting from 
crosses between Cre/^t-B and pZ4LoxA6 plants indicates 
that in these seedlings, the SU-resis1^ant ALS marker 
gene was no longer functioning, suggesting it has been 
excised by Cre-mediated recombination between IqxE 
sites. 

Chlorsulfuron sensitive plants were placed in soil 
and are allowed to mature. T3 seed is collected. 
Sterilized; and gerxidnated on GM medium with or without 
30 mg/1 hygromycin or 25-100 ppb chlorsulfuron. Plates 
are sealed with filter tape, cold treated for 2 or more 
days at 4^C, and then incubated for 10 to 20 days at 
23®C under constant illumination as described above . 
Seedlings are scored as resistant and sensitive and the 
results recorded. Representative seedlings are screened 
for GUS activity. Some seedlings exhibit GOS activity, 
but are not resistant, to chlorsulfuron indicating that 
the SU-resistant ALS marker gene is no longer 
functioning, suggesting that it has been excised by Cre- 
mediated recoxnbination between IqxP sites. 

To verify that excision has occurred, ONA prepared 
from these plants is analyzed on Southern blots. The 
DNA is digested with EcoRI before gel electrophoresis 
and transferred to filters . A DNA fragment consisting 
of the 35S promoter is prepared, radioactively labeled, 
and hybridized to the blotted plant DNA. A 6 kb band is 
detected in re-transformants that did not receive pre . 
This band represents a DNA fragment extending from an 
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• EcoRI site located 3* to the SOS coding region to an 
EtoRI site located within the MjS coding region (see 
Figure 4). It includes the GUS coding region, the 35S . 
promoter that regulates expression of GUS# the 3SS 

.5 promoter that regulates eacpression of KLS, and a portion 
of the M.S coding region. A 3.2 kb band is detected in 
- DHA from plants that received ssxSi* This band, represents 
a DNA fragment extending from the EcoRI site located 3' 
to the GDS coding region to an EcoRI site located just 

10 outside of the distal Iq^p site. It includes the GUS 
coding region and the 35S promoter regulating GOS 
e:q>ressi6n. The shift of the detected fragment size 
from 6 kb to 3.2 kb verifies the excision of DMA segment 
located between the invP sites, including the ALS coding 

15 region and the 35S promoter that regulates its - 
expression. 



20 



M^H^i^m rninpnsit.iQn 



YRP MRnTTTM 

Bacto Peptone 10.0 g 

Bacto Yeast Extract 10.0 g 

NaCl 5.0 g 

Agar (optional) 15.0 g 
pH 7.0 

RflSTfi MBDinM 

25 1 pkg. Murashige and Skoog Minimal ; Organics Medium 
without Sucrose (Gibco #510 or Sigma « M6899) 
10 ml Vitamin Supplement 

0.05% MES 0.5 g/1 

0.8% agar 8 

30 pH 5.8 
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VTTAHTN 5^TTPPT>KMRyrp ^ iQO X Stdck ^ 
10 mg/l liliiamine 
SO mg/l pyridoxiae . 
5 . SO mg/l nicotinic acid 

laj «= Germination Medium 
Basic Medium. 

1% sucrose 10 g/1 



10 

MSKig = Callus Induction Medium 
Basic Medium " 

2% glucose 20 g/1 

0^5 mg/l 2,4-D 2.3 |iM 

15 0.3 mg/l Kinetin 1,4 liM 

5 mg/l 13U 28.5 pM 



MSs = Shoot Induction Medium 
Basic Medium 
20 2% glucose 20 g/1 

0 . 15 mg/l Indole-3-Acetic Acid 0 . 86 pM 
(lAA) 

5.0 mg/l K^-<A2 Isopentenyl) - 24.6 |iM 
Adenine 2iP 

25 

MSRg - Shoot Induction Medium 
Basic medium 

2% glucose 20 g/1 

12 mg/l Indole-3-Butyric Acid 58.8 |iM 
30 (IBA) 

0.1 mg/l Kinetin 0.46 pM 
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TABTiB 9 






Ma 


. £1 


B6 


E2 


B4 


E3 


B3 


£4 


B5 


£5 


B3 



# Chlorsiilfurbn Sensitive Seedlings/ 

# GDS Positive, fiygrraiycin Resistant 

Seedlinys Tf>fihf»H 

42/42 
0/5 

4/4 . 
7/7 

1/1 



15 



20 



25 



30 



35 



Cre expression was placed under control of the In2-2 
promoter, that is induced by N* (aminocarbonyl) -2- 
chlorobenzenesulfonamide^ by constructing the chimeric 
gene : ln2-2/P-:crft-Nos 3 • . The starting material for 
the construction was the plasmid Cre/^t-A, which was 
described in Examples 1 and 2. Cre/Hpt-A was digested 
with Hindlll and Sail and the DNA fragment containing 
the cxst. coding region and the Nos 3V was isolated. This 
Hindlll-Sall fragment was subcloned into the vector 
Bluescript SK(+) (Stratagene, catalog #212205) that had 
been digested with HihdIIl and Sail and 
dephosphorylatedr yielding the plasmid designated 
pBSCre. 

The addition of the In2-2 promoter to pBSCre was 
accon?>lished using plasmids HPH 463 dam(-) and 2-2(3.9) 
which have been described in KO 90/11361. The plasmid 
2-2(3.9) is a pUC18 plasmid containing a 3.9 kb Sail 
fragment derived from the genomic clone containing the 
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2-2 geae. The 3.9 kb fzagment includes 3.6 kb of 
promoter sequence located 5« of the translation start 
site and 180 bp of the coding region for the 2-2 
protein. The plasmid. pHPH 463 dam(-) is a Bluescript 
S/K(+) plasmid containing a chimeric promoter that has 
l36 bp of 2-2 promoter joined to the 5* untranslated 
leader from the maize alcohol dehydrogenase (ADH) 1-ls 
allele tDennis et ai.> w»ri ar^<H« 3933-4000 
(1984)], with an Ncol site incorporated at the 
translation start codon. HPH 463 dam(-) was digested 
with Clai. and the resulting 5* overhangs were filled in 
with Klenow. The resulting DNA was then digested with 
Xbal and the Clal blnnt-Xbal fragment containing the . 3 ' 
part of the 2^2 promoter and maize XDS leader was 
isolated. The plasmid pBSCre was digested with Hindlll 
and the xeisulting 5« overhangs were rendered blunt with 
Klenow. This pBSCre DNA was then digested to completion 
with XbaJ. (located in the polylinker) and 
dephosphorylated usihg calf intestinal phosphatase. The 
Clal blunt-Xba 1 fragment derived from HPH463 dam(-) and 
the dephosphorylated pBSCre vector were then lighted 
together to yield the plasmid designated pBSCrelOl. 
This construction -contains a era cdding region under the 
transcriptional control of a modified 2-2 promoter that 
includes a 5 • untranslated leader sequence from the 
maize ADH gene. 

Next the 5 • distal portion of the In 2-2 promoter 
was added to pBSCrelOl. The plasmid 2-2(3.9), described 
above, was digested to completion with Xbal and Aatll 
and a fragment containing 1.2 )cb of. the 2-2 promoter was 
isolated. The plasmid pBSCrelOl was digested with Xbal 
and Aatll , dephosphorylated and ligated to the Xbal- 
Aatll fragment fr<Mi 2-2(3.9). The resulting 
construction was designated pBSCrel02. 
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Next pBSCrel02 was digested with Xbal and Xhol and 
the fragiaent containing the entJLxe ln2-2/P-ia:£-Nos 3' 
chimeric gene was ligated to pJJ2644 that had been 
digested with Xbal and Xhol and dephosphorylated/ 
5 resulting in p&iSlbS. pJJ2644 was described in .Exan5>le 
4* pBSCrel03r shown in Figure S, was transformed into 
A, tjjiafifaciisna and the resulting strain used to obtain 
tobacco transformahts as described in Materials and 
Methods; 30 mg/1 hygromycin was used for selection and 
10 leaf disks were placed on fresh medium -every two to 

. three weeks. 

Independent prixbary transformants were grown in 
magenta boxes, and young leaves were harvested and 
frozen in liquid nitrogen. One week after the initial 
15 harvest, shoot tips were harvested and placed in 15-ml 
Falcon tubes filled with 0.5X Hoagland's solution (Table 
11\ contadLning 200 mg/1 N- (aminocarbonyl) -2- 
chlorobenzenesulfonamide. The plants were allowed to 
take up inducer for approximately 24 hours. The dLnduced 
20 shoots were then harvested, frozen in liquid nitrogen 

and stored at -80?C* 

Total RNA was Isolated from both sets of san5>les as 
described by Colbert et al. [Proc. Nafl. ftcad. Sci. USA 
M: 2248-2252 (1983) 1 . Replicate iOIA san5>les from both 
25 uninduced and induced transformed plants were 

transferred to nitrocellulose filters and probed with 
nick translated pBSCre. Twenty-six primary 
transformants had little to no ere mRNA in the uninduced 
state, and a strongly hybridizing er^ mRNA signal after 
30 treatment with N-(aminocarbonyl)-2-chlororbenzene- 

sulfonamide. This result demonstrates that expression 
of the gre gene was successfully regulated when under 
control of the In2-2 promoter. 
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1 . 0 mH ammonitim phosphate, monobasic 
S . 4 . 0 nM potassium nitrate 

4.0 mM calciiiiB nitrate 
2.0 nM magnesium sulfate 
1.0 mM assnonium nitrate 
5;0 ppb Sequestrene 
10 9.2 |1M manganese chloride 

46.0 pH boric acid 
, 0.77 HM zinc sulfate 
0.32 (IM cupric sulfate 
0.11 |iM oolybdic acid 

15 

. » • 

Chemlral rAmi1af-<on nf invP-^^T-f^ 

. mediated rf^r^nmH^naf 

Transformants containing the In2-2/PTCrfi.-Hos 3« gene 
20 that respond to' induction by N-(aminocarbonyl)-2- 

chlorobenzenesulfonamide^ described in Exan^jle 9, were 
crossed, as described in Section with the homozygous 
I qxP plants that were described in Section G. The 
resulting seed is germinated on hygromycin to select 
25 those progeny that receive the era gene. All progeny 
receive the loxP construction from the homozygous 
parent. Leaf disks are taken from selected progeny and 
induced to callus on kanaa^cin medium as described 
previously. Lack of callus formation indicates that the 
construction, in which the kanamycin resistance gene 
is nonfunctional due to the loxE-polyA -loxP f ragman^ 
insertion, re m ai n s intact and that no recombination has 
occurred. Ore expression is also induced in progeny by 
treating with N- (aminocarbonyl) -2-chlorobenzene- 
35 sulfonamide or related inducing chemicals by spraying. 
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by catting off the shoot tip or a leaf and allowing 
uptake through the vascular system, or by placing tissue 
e:q>lants on indacer*-containing medium. Tollowing . 
induction, leaf disks are again assayed for, callus 

. 5 . growth on kanamycin. Growth of this tissue indicates 

^' **■ . . . ■ . • • 

that Cre-jnediated recpmbihation at the sites 
excises the pplyA fragment and restores function of the 

mi' 

kananq^cin resistance gene. Thus recombination occurs 
" only after the inducing chemical is applied to plants 

10 containing the In2-^2/P-£r£-Nos 3* gene, and a loxP 

construction. 

R#>st!oratiQn c^f f^Tti^ity in. a mnlAmlar 

15 genetic approach 1:q hybrid sef^d produgfion 

' .* \An anther promoter'^cell disruption chimeric gene 

(A/P^D) causing male sterility is deleted from the 
. genome of the hybrid plant resulting in fertility 

restoration. The A/P-CD gene used consists of the TA29 
20 promoter # the bamase coding region, and the NOS 3 * end 
as described in EPA 89-344029. A binary vector is 
constructed to consist of the A/P-CD gene flanked by 
directly repeated IqxP sites # and a* chimeric Nptll gene 

as a kanamycln resistance selection marker, between the 
25 left and right T-DMA border sequences. A diagram of the 
T-DNA of the binary vector is shown below: 

Nos/P-Nptll TA29/P*barnase-Nos 3* 

-B— -1 — - — -HHS- 

• RB —►LB 

loxP loxP 

\ 

30 This plasmid, called Lox/AO, is transferred into 

A, i-iiin^fagienfi LBA4404 and the resulting strain is used ' 
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"to obtain tobacco transformants as described previously. 
The resulting transformants containing Lox/AD are grown 
to maturity and tested for male sterility, which 
indicates correct expression of the A/P-CD gene . Male 

: 5 sterile Lbx/AD plants are identified as those that 

produce no - seed upon selfing and/or produce no pollen;. 
These plants are fertilized with pollen from homozygous 
35S/P-Cre plants r €»btained in Section and seed is 
harvested as previously described. Seeds are sterilized 

10 and planted on UX- medium in the presence of kanamycin. 
Seedlings %fhich axe resistant to kanan^cin, and 
therefore have received the Lox/AD constructionr are 
grown to maturity and tested, for male fertility. 
Restoration of fertility is identified by the ability to 

15 develop pollen and produce s.eed upon selfing. Fertility 
restoration indicates that the A/P-CD gene is deleted 
due to interaction of Cre protein with the loxE sites. 

EXAMPI.R \J : 

Fl seed development, is aborted by activating a seed 
disruption gene using the loxE-Cre system. One 
coii^>onent of a seed disruption gene is a promoter that 

25 is only expressed in the seed. This tyjpe of promoter 

can be derived from a gene %fhose ei^ression is naturally 
asssociated with the embryo and/or endosperm. Desirable 
promoters to use are derived from the embryo-escpressed 
p-subtmit of phaseolin (p-Ph), or from the a' subiinit of 

30 p-conglycinin of soybean " (a • -P-CG) , which is highly 

expressed early in seed development in the endosperm and 
embryo. These two genes are described by Doyle et al. 
rj. Rioi rhAm r 261:9228-9238 (1986)]. 

A second con^onent of the seed disruption gene is a 

35 coding region which produces a protein that disrupts 
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nornial cell= functions • An cfxample Is the coding region 
for bamas.e derived from Parillug aTnyioHqiiPfag?iens. 

which has been, cloned aiid characterized by Hartley 
f.T Moi . Biol. 202 1 913-915 <1988)1 and used in EPA 

5 89r344029* The third component is a polyadehylation 

si^:ial sequence region, which can be derived froid the 3* 
end of laost any gene that is functional in plant cells. 
In this exainple we use the 3* region from the bean 
pbaseolih gene [Chee et al., eenW Alt 457 (1986)]. The 

10 seed distuptic^ gene is made into an inactive form, by 
placing a i QxP- poiy-A- * \ nxP pNA fragment between the 

promoter and coding region, as described for the . 
NOS/P-Nptll gene in Exanple 5. Inactive and active 
(control) chimeric genes containing either the ^Ph or 
15 the a • -p-CG promoter, the bamase coding region (bar) , 
and the phaseplin 3' region (Ph 3') are constructed as 

follows, '■ ~- ^ 

Plasmids containing the P-Ph promoter and Ph 3' or 

the a'-P-CG propioter and Ph 3' called pUClSpvPpvS and 

20 pUC18gmPpvS, respectively, were obtained from Dr. Jerry 
Siightom, the Upjohn Company. The promoter and 3' 
regions contained in these two plasmids were synthesized . 
from the genes described by Doyle et al« f.T. T^'iol. 
chem . r 261:9228-9238 (1986)] using the polymerase chain 

25 reaction (PGR) procedure described by Saiki et al. 

[Science, 239:487-491 (1987) 1 • During the PGR procedure 
an Ncol site was added at the translation start ATG and 
5' to the Ph 3' sequence by incorporating the Ncol 
restriction site recognition sequence into the 

30 aiq>ropriate synthetic oligonucleotide primers. A 

Hindlll site was similarly added at the 5* end of the 
promoter fragments • The synthetic promoter and 3 * 
region fragments were joined at* the introduced Mcol 
sites and ligated into the Bindlll site of pUGlS (a 

35 Hindlll site occurs naturally at the end of the Ph 3' 
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fragment). The resulting pleismids, ptJClSpvPpvS and 
pnciSgiDFpvS, vere each digested with EcoRI and Sail, the 
ends filled in using the Klenow enzyme, *and religated to 
delete the polylinker sites located between EcoRI and 
5 Sail. The resulting plasmids were named CW104 and 
CW105, respectively. Each of these plasmids was then 
digested with Ncol anid a synthetic oligonucleotide with 
restriction sites: Ncol, Smal, l^nl, Xbal, and 
incomplete Ncol was added. The resulting plasmids were 

10 named Cia08 and CHIOS. 

/ Since the bamase enzyme is lethal to cells, an 
i n hibitor of bamase called barstar is escpressed in the 
same cells. The ptSIAlO plasmid containing the barstar 
and bamase genes isolated from Bacilltts 

15 amYloliquefagienfi %fas obtained from Dr. Robert Hartley, 
NIH.. These genes are described by Hartley fj. MoT . 
Biol, 202 : 913-915 (1988) 1 . The barstar gene was 
isolated from pUT420 as a Pstl-Hindlll fragment and 
ligated into PstI (a unique PstI jpolylinker site is 

20 located after the HindllX site at the 3* end of the 

Ph 3 * fragment) and fiindlll digested CW108 . A plasmid 
that retains the Hindlll p-Ph promoter and Ph 3 ■ 

fragment and contaizis the barstar gene was identified 
and named 108B. The NcoI-PstI fragment containing Ph 3V 

25 and barstar was isolated and ligated to Ncol and PstI 
digested CW109 creating 109B. 

The coo;>lete bamase protein includes a pre-seqaence 
involved in secretion, a pro*sequence involved in 
folding, and the. mature protein sequence containing the 

30 enzyme activity. We propose that expression of only the 
mature protein is most effective in disrupting plant 
cells. Though EPA 89-344029 makes use of bamase as a 
plant cell disruption protein, it does not disclose 
details on constmcticn of a bamase gene for esqpression 
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in plant cells. No infozmatlon is given on the portion 
of the barnase coding region that is e^qpressed. 

To prepare a DNA fragment containing the coding 
region for the inatore bamiase protein (bar), fiafiiUoa 
5 amyl oli qqef aciena DNA ims used as a ten$>late for the pgr 
procedure described by Saikl et al. f Scieng^ 239:487-491 
(1987) ] . Synthetic primers were made that add an NcoZ 
site, including an in-frame translation start AI6, at 
the 5* end of the mature protein coding region and an 

10 Xbal site following the translation stop codon. The 
as^lif ied DNA fragment was digested with Ncol and Xbal 
and llgated to Ncol and Xbal digested 108B creating 
108BB, which then contains an active form of the seed 
disruption gene. Similarly, 109BB is constructed. / 

15 To prepare inactive forms of the seed disnQ>tion 

gene, first the Ncol site at the 3' end of the promoter, 
fragment was removed f rem CH108 and CWip9, described 
above, by digesting each plasmid %d.th Ncol and treating 
with SI nuclease. SI treated CfaOS was religated, a 

20 plasmid missing the Ncol site was identified by 

restriction mapping and DNA sequencing, and named 108N. 
SI treated CW109 was digested with Smal (the site is 
adjacent to the. Ncol site) and religated. A plasmid 
missing the Ncol site was identified by restriction 

25 mapping and DNA sequencing and named 109N1. 109N1 was 
digested with Asp718 and Xbal and a synthetic 
oligonucleotide linker with the sites Asp718, Xhol, 
Ncol, and Xbal was added. The resulting plasmid named 
109N1X %ras digested with Xhol and Ncol and an Xhol-Ncol 
,30 IfixE-polyA-loxE DNA fragment was added. This fragment 
was prepared from p69ssN, a derivative of pBS69polyA, 
which was described in Exanple 5. To make p69ssN, 
pBS69polyA was digested at the Hindlll site located 
outside of one Iqxp site, the ends filled in, and Ncol 

35 linkers were added. .109N1X containing the loiE-polyA- 
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digested with Ncol and PstI and the Hcol-Pst I fragment 
prepared from lOSBB containing bar, Ph 3 • , and Jbarstar 
is added creating 1091ox2BB« Mais plasmid : contains an 
5 inactive seed disruption gene, .108N is digested with / 
Asp718 and PstI and the Asp718-Pstl fragment prepared 
from 10981ox2BB is added. The resulting plasmid is 
named 1081ox2BB and contains an inactive seed disruption 
gene. 

10 Ihe inactive and active cell disruption genes are 

each moved into a binary vector with an l^tll gene 
within the borders and a barstar gene added outside of 
the T-pNA borders. The resulting plasmids are calledl 
p21081ox2BB, pZ1091ox2BB, pZi08BB/ and P2109BB. These 

15 plasmids are transferred into a disarmed i^wn^far^^^TT^ 
and the resulting strains ate used to obtain 
transformants as previously described* 

Expression of the cr^ coding region is more 
effective either with the same develbpmentally 

20 controlled promoter or with the highly active 35S 
promoter. The fira coding region was placed under 
control of the same seed promoters used for the 
disruption genes making chimeric SP-cre-Ph 3» genes: 
lOSCre and 109Cre. These genes were cloned into binary 

25 vectors between the T-DNA borders along with a chimeric 
sulfonylurea resistance selection marker gene^ creating 
pZ108Cre and pZ109Cre plasmids. These plasmids are 
transferred into a disarmed An<i and the 

resulting strains are used to obtain, tobacco or 

30 Arabidoprfi;^ transformants as previously described. 

Homozygous single locus plants are derived from primary 
transformants as previously described. ' . . 

Hcmiozygous plants transformed with pZ1081ox2BB or 
pZ1091ox2BB are crossed with hcmiozygous plants 

35 containing pZ108Cre or pZ109Cre^ and with the homozygous 
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Cre plants described in Section C or Example 9. Seed 
pods or siliqnes are checked for the absence o£ seed 
indicating that the seed disruption gene is activated by 
the JLfixErcra system.* 

EXAMPLE 13 - 
C!rf>>lQy in#rf4?n-Ad disrmtlen of seed dftvelopmeht 

Fl seed development is normal azul F2 seed, 
development is aborted by activating a seed coat . 
10 <iisruption gene using the lozErcxs^ system. A seed coat 
disruption gene is made consisting of the mature baniase 
coding region described above and a promoter region 
isolated from a seed coat-specific gene« A seed coat- 
specific gene is being Isolated using the following 
IS steps. Seed coats were dissected from immature 

watermelon seeds and total cellular BNA was prepared 
using the guanidium isbthiocyanate extraction procedure 
from Stratagene followed by LiCl precipitation as . 

described by Ausubel et al. f Current: Prnt-ocols in 

20 Molecular Bioloyy 481-483 (1987)] . Total RNA of leaves 
was isolated using the method described by Baker et al. 
[Biotechniques 1121, 268-272 (1990)] . Next a 
polyadenylated (polyA+) RMA fraction ms pi^epared by two 
rounds of affinity chromatography on oligo (dT) -cellulose 
25 spin colixmns from Pharmacia following the manufacturer's 
procedure. A cDNA library made to this polyA+ BNA 
preparation was obtained from Stratagene. Duplicate 
filters made from plates of the library, or duplicate 
slot blots containing DNA made from each individual cDNA 
30 clone prepared according to Conkling et al. plant- 
Physiol. 93. 1203-1211 (1990)] were differentially 
screened using ^P-labeled cDNA probes made from the 
seed coat polyA-i- HNA or from leaf polyA^ BNA according 
to Sargent fC»ide t-o Molegnlar ClQTiino Techniques: 

35 Berger and Kimmelr eds. 423-432 (1987)]. Clones, were 
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identified that h^ridlzed only to the seed coat prtdae. 
Ihe cloned cDNA sequences are verified as beini? derived 
from seed-specific BH&s by using them to probe a 
Northern blot, as described in Bi(dtad*s protocol, 
5 prepared with BHAs made from different plant tissues . A 
seed-specific cDHA is used to probe a genomic libxrary 
made from watermelon DNA, made with a kit from MEN and 
using the included protocol, and the gene encoding the 
seed-specif ic PNA represented by the cDNA is identified. 
10 The genomic clone is mapped to locate .the desired gene. 
The S» end of the transcript is located by primer 
extension eatperiments as described in Ausubel et al. 

The promoter region including about 1 kilobase of 
sequence upstream of the transcription start site is 
•prepared as a DNA fragment. This seed coat promoter is 
ligated to the bamase coding regicm followed by the 
Phaseolin 3 ' region, as described in the Exaa5)le 13 . 
above, creating the cdiimeric gene called SCP-bar-Ph 3 • . 
20 This chimeric seed coat disruption gene is made into 

an. inactive form by adding a liaE-polyA-lozE DNA 
fragment between the promoter and coding region as 
described for the NpS/P-Nptll gene in Exan?)le 5. The 
inactive SCP-lQX-bar-Ph 3- gene is cloned into a binary 
25 vector between the T-DNA borders along with a chimeric 
kanamycin resistance selection marker gene. A diagram 
of the T-DNA of the binary vector is shown below: 

Nos-Nptll SC5(» polyA barnase Ph 3* 

-S — ^ ■ — ■ B - 



loxP loxP RB^ 

This pUsmid, called las/SCPB/Uptll, Is transferred into, 
a disarmed tumefflpifni and the resulting strain is 
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used to obtain tobacco or Arabirinpg^ transfonoants as 

described previously. 

£jq>ressioa of the <^re coding region* is more 

effective either with the. same developmentally 
5 controlled promoter or vith the highly, active 3.5S , 

promoter. The coding region is placed under control 
of the same seed coat promoter used for the disnqption 
gene making a chimeric SCP-cre-Ph 3* gene. This gene is 
cloned into a binary vector between the T-DNA. borders 
10 along with a chimeric sulfonylurea resistance /selection - 
marker gene, . creating the SCPCre/ALS plasmid. This 
plasmid is transferred into a disarmed Ai^ tmin^fagiens 

and the resulting strain is used to obtain tobacco or 
|ii*aMrinp<t'ffi transformants as described previously. 

15 Primary transformants containing lox/SCPB/Nptll are 

crossed with primary transformants containing 
SCPCre/ALS, axtd with the homozygous Ore plants 
(containing the chimeric 35S-Cre gene) described in 
Section G and Example 8. Since the primary 

20 transformants are heterozygous, the seed produced from 
their crosses could carry none, both, or either one of 
the foreign ONA insertions. Therefore, progeny are ^ 
screened for the presence of the two marker genes, ALS 
and Vptll by germinating seeds on medium containing both 

25 chlorsulfuron and kanamycin. Resistant progeny that 
- carry both the inactive seed coat disruption gene and 
the chimeric gene, are grovn to maturity and selfed. 
Seed pods are checked for the absence of seed indicating 
that the seed coat disruption gene is activated by the 

30 ioxP-r!r<> syi3tem thereby disrupting production of F2 

seed. 

in i^^^fses of lox/SCPB/Nptll plants with the 
homozygous 35S-Cre plants, all progeny receive the 
chimeric Ore gene so only the kanamycin selection is 
35 necessary to identify progeny also containing the seed 
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coat disriiptibn gene. Selected plants are grown to 
xnaturity and selfed. Seed pods are checked for the 
absence of seed Indicating that the seed, coat disruption 
gene is activated and effective in disrupting production 
5 of F2 seed. . 

Hombzygons lines of Jjoz/SCPB^ptll and of SCPCre/ALS 
plaats are obtained as described previously and crossed. 
Seed pods are checked for seed production and seed 
viability is teisted in germination assays. The presence 

10 of viable seed indicates that the inactive seed coat 

disruption gene maintains its inactive state in the seed 
coat of the developing Fl seed as predicted. Progeny 
are groim to maturity and selfed. Seed pods are checked 
for the absence of seed indicating that the seed coat 

:;15 dlsn^tibn gene is activated and effective in disrupting 
production of P2 seed. Homosygous JLiax/SCPB/Nptll plants 
are crossed with homozygous 35S-Cre plants and the 
production of viable Fl seed is tested. Progeny are 
grown to maturity, selfed, and the absence of F2 seed is 

20 observed. 

It is to be appreciated that several modifications 
can be made to the subject invention described herein 
without departing from the spirit and scope thereof. 

25 



30 



wo 91/099i57 PCrAJS90/0729S 

87 



25 



30 



fftiat is Claimed is : 

1. A method for producing site-specific 

5 recombination of DHA in plant cells, coioprising: 

i) introducing into the cells a first DNA 
sequence CQsqprising a first loy site, and 
a second DNA sequence coxq>risihg a second 
Iqx site, and 

10 ii) contacting the losi sites, with Cre, thereby 

producing . the site-specific recombination. 

2. A method as defined in Claim 1, wherein a third 
DMA sequence craiprising a cca coding region is also 

15 introduced into the cells. 

3. A method as defined in Claim 2, wherein the 

■ third DNA sequence comprises a promoter that is active 
in plant cells and expression of the crfi. gene is 
20 produced by direction of the promoter, 

4. A method as defined in Claim 3, wherein the 

. first and second DNA sequences are* introduced into the 
cells connected by a pre-selected DNA segment. 



5. A method as defined in Claim 4, wherein the 
first and second Iqx sites have the same orientation and 
the site specific recombination of DNA is a deletion of 
the pre-selected DNA segment. 



6. A method as defined in Claim 5, wherein the 
coding region is derived from bacteriophage PI. 
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7. A metbod as defined in Claim 5, wherein the 
first and second Iq^ sites are IqxP or derivatives 

thereof. 



,5 .... 8. A method. as defined in Claim 5, .herein the 
first and second JLfi& sites are loxP- . ■ 

9« A method as defined in Claim 5 # irtierein the pre- 
• selected DNA segment is selected from the group 
10 consisting of a. gene, a coding region,- and k DNA 

seg[aence that influences gene expression in plant cells. 

10. A method as defined in Claim 5, herein the pre- 
selected DNA segment is an undesired marker or trait 

15 gene. 

11. A method as defined in Claim 4, wherein the 
first and. second lox sites have opposite orientations 
and the site-specific recombination is an inversion of 

20 the nucleotide sequence of the pre-selected DNA segment. 

12. A method as diefined in Claim 11, wherein the ere 
coding region is derived from bacteriophage PI. 

25 13. A method as defined in Claim 12, wherein the 

first and second Iqx sites are IqxP or derivatives 



14. A method as defined in Claim 12, wherein the 
30 first and second Iq^ sites are liixE* 

15. A method as defined in Claim 11, wherein the 
pre-selected DNA segment is selected from the group 
consisting of a gene, a coding region, and a DNA 

35 sequence that influences gene eiq)ression in plant cells 
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16. A method as defined in Claim 1, wherein the 
first and second DNA sequences are introduced into tvo 
different DNA molecules and the site^^pecific 
5 . recombination is a reciprocal, exchange of DNA segments . 
proximate to the lex sites. 

• 17. A method as defined in Claim. 16r wherein the ere 
coding region is derived from, bacteriophage PI. 



10 



18. A.miethod as defined in Claim 17, wherein the 
first and second lov sites are IfixE and derivatives 



15 19. A method as defined in Claim 18, wherein the 

first and second lax sites are lfix£« 

20. A method of excising exogenous . genes or DNA' 
segments in transgenic plants, coiq>rising: 

20 i) introducing into the cells a DNA sequence 

con^>rising a first lox site, a second loy 

site in the same orientation as the first 
. JLqx site, and a gene or. a DNA sequence 

therebetween, and 
25 ii) contacting the ijox sites with Ore, thereby 

excising the heterologous gene or DNA 
sequence* 

21. A method as defined in Claim 20, wherein the 

30 gene is an undesired marker or trait gene. 

• . * * * 

22. A plant cell transformed with a DNA sequence, 
con^rising at least one Jiix. site.* 

35 23. A plant cell containing Cre protein. 
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24. A plant cell tremsformed vith a rr** cckldLng 
region. ' - ' 

5 25. A plant containing cells transformed with a DNA 

seiqaence coiq>rising at least one Iq^ site. 

26. A plant of Claim 25 vfaerein the DNA sequence 
coii5>rises two 1q£ sites and a ere coding region. 

10 . 

27. A plant as def ined in Claim 25, and having ' 
agronomic or horticultural utJLlity. 

28. A plant containing cells transformed with a ere 
15 coding region. * . 

29. A plant as defined in Claim 28, and having 
agronomic or horticultural utility. 

20 30. A plasmid having at least one lox site and a 

pre-selected DHA segment selected from the group 
consisting of a gene, a coding region, and a DNA 
sequence that influences gene ejq>ression in plant cells. 

25 31* A plasmid as defined in Claim 30, wherein the 

DNA sequence is a polyadenylation nucleotide sequence 
derived from the Rubisco gman siabunit gene. 

32. A plasmid as defined in Claim 30, wherein the 
30 DNA sequence is a selection marker. 

33. A plasmid as defined in Claim 30, wherein the 
DNA sequence is a promoter. 
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.34« A pi^smid as defined in Claim .30, wherein the 
DNA sequence is a regulatory nucleotide seqpience • 

35. A piasmid having a p^^ coding region and a 

• ■ • ■ 

5 promoter. that is active in plant cells. 

.36* A DNA sequence comprising at least onei ixL& site 
and a pre-selected DRA segment selected from the group 
consisting of a gene# a coding region, . and a DNA 
iO sequence that influences gene expression in plant cells 

37. A DHA sequence comprising a .cr& coding region 
and a promoter that is active in plant cells . 

is 38. Piasmid Cre/HptrA characterized by the 

restriction enzyme map sho%m in Figure 1A> or a_ 
derivative thereof . 

39 Piasmid Cre/Hpt-B characterized by the 
20 restriction enzyme map shown in Figure IB, or a 
derivative thereof. 

40. Piasmid loxE/Nptll/Hra characterized by the 
restriction enzyme map shown in Figure IC, or a 

25 derivative thereof. 

41. Piasmid pZ41oxA6 characterized by the 
restriction enzyme map shown in Figure 4, or a 
derivative thereof. 



30. 



42. The method of Claim 1 useful in the manufacture 
of seedless produce. 
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